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Famous Finger of Metal and 
stone pointing 1472 feet into 
the sky is The Empire State 
Building in New York City 
This mightiest of buildings 
makes liberal use of Stainless 
Steel for both decorative and 
utilitarian purposes: in ver- 
tical strips beside the win- 
dows, in bands around the 
tower, in the two entrance 
corridors ‘‘Maintenance?”’ 
said the assistant operating 
manager when asked about 
the exterior Stainless Steel. 
‘‘What maintenance? We 
haven’t touched the stain- 
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less steel since it was in- 
stalled. And the condition of 
the steel is as good as ever.” 
Not a bad record after more 
than 20 years. 
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Dragon’s Teeth Sprouting? No, these are steel bearing piles in 
the foundation of a dam spillway. When the dam is finished, 
you'll never know the steel piles are there. But they’ll be 
working just the same, for strength and safety, as enduring 
steel so often works unseen in buildings, highways, pipelines 
and power plants. 
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This Baby Sitter is Galvanized! In truth, a sturdy, good-looking 
Cyclone Fence is a dependable baby sitter. For it makes a 
safe home playground out of your yard. It keeps youngsters, 
absorbed in play, from stepping accidentally into the path 
of passing traffic. It prevents stray dogs from molesting 
your children or flowers. Cyclone Fence, made by U. S. Steel, 
is further evidence that only steel can do so many jobs so well. 


OPPORTUNITIES with U. S. STEEL 


If you’re thinking about what you’re States Steel. Your placement director 
going to do after graduation ... if can give you more details, or we’ll be 
you’re interested in a challenging, re- glad to send you the informative book- 
warding position with a progressive let, ‘Paths of Opportunity.’’ United 
company ... then it will pay you to States Steel Corporation, 525 William 
look into the opportunities with United Penn Place, Pittsburgh 30, Pa. 


sve on UNITED STATES STEEL 


For further information on any product mentioned in this advertisement, write United States Steel, 525 William Penn Place, Pittsburgh 30, Pa. 


AMERICAN BRIDGE . . AMERICAN STEEL & WIRE and CYCLONE FENCE . . COLUMBIA-GENEVA STEEL . . CONSOLIDATED WESTERN STEEL . . GERRARD STEEL STRAPPING . . NATIONAL TUBE 
OIL WELL SUPPLY . . TENNESSEE COAL & IRON . . UNITED STATES STEEL PRODUCTS . . UNITED STATES STEEL SUPPLY . . Divisions of UNITED STATES STEEL CORPORATION, PITTSBURGH 
UNITED STATES STEEL HOMES, INC. + UNION SUPPLY COMPANY * UNITED STATES STEEL EXPORT COMPANY +» UNIVERSAL ATLAS CEMENT COMPANY 4-1074 





S. S. Marine Dow-Chem, first ship ever built specifically for the transportation of liquid chemicals. 


CHEMICALS GO TO SEA... 


REDUCING FREIGHT COSTS AND BRINGING 
FASTER SERVICE TO MANY DOW CUSTOMERS 


Newest link between Dow’s important Texas Division and 
eastern terminals is the 18,000-ton chemical tanker, 
“Marine Dow-Chem”’. First ship ever designed and built 


to carry chemicals, this huge tanker has a capacity of 


3,500,000 gallons, including special nickel-clad, heated 
tanks that safely carry 73°; caustic soda solution. The 
“Marine Dow-Chem” made her maiden voyage in April, 


completing three years in the planning and building of 


the vessel. 

Transportation of Dow chemicals by way of water routes 
did not begin with this new ship. Dow has pioneered in 
this technique of shipment. On any given day, you may 
see a tanker steaming out of Freeport, Texas, steering for 


East Coast terminals; a powerful tug herding its charge of 


barges up the Mississippi to Cincinnati; and a freighter 


leaving California, heading through the Panama Canal 
toward the Atlantic coast. All have one common purpose 
—delivering Dow chemicals by the most convenient, most 
economical routes possible. 


Just as Dow’s research and production are making giant 
steps in the progress of the chemical industry, so Dow’s 
distribution keeps pace through new techniques in trans- 
portation and service. 


Whether you choose research, production or sales 
you can find a challenging career with Dow. Write 
to Technical Employ ment Department, THE DoW 
CHEMICAL COMPANY. Midland, Michigan or Freeport 
Texas for the booklet, ‘Opportunities with The Dou 
Chemical Company’ —you'll find it interesting. 


you can depend on DOW CHEMICALS 
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HE’S STUDYING A GM TEXTBOOK 


ES, ever since our first issue—June-July 1953— So, again, may we suggest you glance at the Journal 
the General Motors Engineering Journal has (copies are supplied free to all faculty members 


been welcomed by engineering faculties and students and school librarians who request them). We hope 

alike as an excellent contemporary source book. it will inspire you to write us for another important 

ia GM publication —‘“‘The College Graduate and 

And we suggest, if you are not familiar with this 2 

: YRS General Motors.” And to think seriously of making 

latest of GM publications, that you check your col- ' 

: ‘ yours a GM career. 

lege library. ; 

But—this is uot a “circulation advertisement” for 
the Journal. 


We mention it here — because we think a glance GM Positions Now Available 
through any issue will give you a pretty clear pic- In These Fields: 


ture of the high standards and advanced viewpoints 
MECHANICAL ENGINEERING 


METALLURGICAL ENGINEERING 
ELECTRICAL ENGINEERING 

Certainly such standards, such viewpoints—and such INDUSTRIAL ENGINEERING 

CHEMICAL ENGINEERING 


of our GM engineers. And of the intellectual climate 
they find in which to think and to work at GM. 


a climate— must be weighed among the assets of a 
GM career. 


GENERAL MOTORS CORPORATION 


Personnel Staff, Detroit 2, Michigan 


THE TECH ENGINEERING NEWS 





1931 — revolutionary Boeing B-9 


1954 — Boeing 8-jet B-52, America’s outstanding heavy jet bomber 


Leadership is a long-time tradition at Boeing 


In 1931, Boeing engineers designed the 
B-9, a revolutionary low-wing bomber 
that could outdistance any contempo- 
rary pursuit plane. 

Today, thev’ve produced the free 
world’s outstanding heavy jet bomber, 
the B-52, and America’s first jet trans- 
port. Boeing also builds the record- 
breaking B-+7 medium jet bomber, 
conducts a major guided missile pro- 
gram, and research in nuclear power 
for aircraft. 

These growing programs mean ex- 
panding opportunities at Boeing for 
engineers of virtually EVERY type, 
including mechanical, civil, electrical 
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and aeronautical. It also means plenty 
of room for advancement. Boeing, 
which now employs more engineers 
than even at the peak of World War II, 
promotes from within, and holds reg- 
ular merit reviews to give you individ- 
ual recognition. 


Yeas 20% 30% ci} 4 


As the chart shows, 46% of Boeing's 
engineers have been here for five years 
or more; 25% for 10 years; and 6% 
for 15 years, and many have been 


with the company 25 years or longer. 


Boeing offers engineers an unusual 
variety of experience, from applied re- 
search to production design, from work 
with new materials and techniques to 
co-ordination of a vast subcontracting 
program which provides contacts with 
a cross-section of U. S. industrv. 


Boeing also helps engineers continue 
their graduate studies, and reimburses 
them for tuition expenses. 


For further Boeing career information, 
consult your Placement Office, or write: 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Company, Seattle 14, Wash. 
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SEATTLE, WASHINGTON 


WICHITA, KANSAS 
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Gromatici Erant 
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Editorial 


Limitations of Math Reasoning 
by Barry Mazur, ’58 


The Incandescent Lamp 
by Rae Frank Stiening, ’58 


Time Traveling 
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The Magmatic Origin of Mineral Deposits 
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Eulogy on the Differential Analyzer 
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Mass Spectrometer 


Published monthly during the school year at Walker Memorial, Cambridge 39, Massachusetts, by the undergradu- 
ates of the Massachusetts Institute of Technology. Entered as second class matter, at the Post Office, June |, 1920, 
at Boston, Massachusetts under the Act of March 3, 1879. Copyright 1954 by The Tech Engineering News. Sub- 
scription per year $1.75. Foreign $2.50. One copy 25 cents. 
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Springmakers for four generations 


Lipristel Connecticut 
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A MESSAGE TO 
COLLEGE ENGINEERING 


STUDENTS 
from J. M. Wallace, Manager, Meter Div., 


Westinghouse Electric Corporation 
University of Pittsburgh, 1935 


To the man who wants more than a job 


which to live—and wants a job that will enable him to 


do this. He is co-operative in his work, but demands the 


You and I know that getting a job is not a problem 
these days. Industry needs thousands of young engineers. 


But the man who wants more than a job might well 
pause and consider just how he is going to find his special 
opportunity. It cannot be found everywhere. 


The man I’m talking about wants interesting work 
with a future, yes—but also something more. He is 
determined to help make the world a better place in 


you can BE SURE...1¢ irs 


Westinghouse 
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dignity of being treated as an individual. This man had 
high purpose when he elected a career as an engineer. 
I know this man. He’s many men at Westinghouse. 
He’s an engineer’s engineer. 
You, who want more than a job, are this man, too. 


You will be among your own at Westinghouse. G-10273 


For information on career opportunities 
with Westinghouse, consult Placement 
Officer of your University, or send for 
our 44-page book, Finding Your Place 
in Industry. 

Write: Mr. R. E. Davis, Regional Educa- 
tional Co-ordinator, Westinghouse Elec- 
tric Corporation, 10 High Street, 
Boston 10, Massachusetts. 





gromatici erant 


A discussion of Roman surveying instruments 


Surveyors are first mentioned in Roman history 
in connection with the construction of the military 
camps of Antony. The Romans were interested in 
the practical applications of surveying to engineer- 
ing projects and military operations, and there- 
fore it is not surprising that we later find technical 
schools established for the purpose of training 

toman surveyors (Gromatici or Agrimensores as 

they were called). Even a “graduate course” was 
given to those who wished to specialize in prop- 
erty surveying. The Roman surveyor, however, 
was no better than his instruments; these, despite 
their crude appearance, often produced amazingly 
accurate results. The magnificent Roman aque- 
ducts, roads, and bridges all attest to this. 


Fig. |. The Groma 


By James Simmords, '57 


In Julius Caesar’s time Beta, rather than Pola- 
rius (Alpha of Ursa Minor), was the pole star. 
Polarius then was some ten degrees farther from 
the celestial pole than it is at present. Being a star 
of somewhat lesser magnitude than Polarius, Beta 
was very difficult to observe; hence solar observa- 
tions were almost exclusively used to determine 
the true meridian. For this purpose two devices 
were used: the Horologium or sun dial and the 
Gromon or pole. Since the Horologium was a more 
or less permanent affair, it could not be effectively 
used as a surveying instrument. Instead the 
Gromon was used to find the meridian. This was 
done as follows: On a large, flat surface a circle 
was described. At the center of the circle the 
Gromon, a tall pointed pole, was placed vertically 
in the ground. In the morning a point was marked 
on the circumference of the circle where the 
shadow of the top of the pole first crossed it. In 
the afternoon another point was again marked 
where the shadow of the top of the pole recrossed 
the circumference, These two points were joined 
by a line. Another line was drawn from the base 
of the Gromon bisecting the first line. This second 
line was then the Kardo, or principal meridian of 
the survey. At right angles to the Kardo the Decu- 
mani, or east-west “‘base” lines, were laid off. Of 
course it must be realized that the true north-south 
meridian could only be determined on the days of 
the vernal and autumnal equinoxes. 

To measure distances along rough or sloping 
ground the Romans used the Pertica or Decem- 
peda. This was a wooded pole about ten feet long 
with two metal ends. Plumb bobs, similar to those 
used by surveyors today, were used with the 
Pertica to mark the distances along the ground. 
The Pertica was also used as a range pole. On open 
level ground specially treated ropes were used to 
measure distance. According to Hero of Alexan- 
dria the ropes were prepared by alternately 
stretching them taut between two stakes and rub- 
bing them with a mixture of beeswax and resin. 
William M. Gellespie (A Treatise on Surveying) 
states that these ropes, when properly treated, will 
not vary by more than one part in two thousand 
from a gunther’s chain. 

For measuring long distances along a road or 
highway a machine known as a hodometer was 
used. The forerunner of the odometer, it was a 
Rube Goldberg-like device which, through a series 
of wooded gears and pegs, dropped marbles at reg- 
ular intervals into a bucket. Thus one measured 
the distance traveled by the number of marbles 
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in the bucket. Both Hero and 
Vitruvius give complete instruc- 
tions for its construction. 





The Groma and the Dioptra 





(figures 1 and 2) were both used 
to lay off horizontal angles. Act- 
ually the Groma could be used 
only for turning right angles 
unless, of course, the cross piece 
which held the plumb lines was 
changed. The exact appearance 
of the Groma was very doubtful 
until 1912 when the ruins of a 
Roman surveyor’s office, with 
much of the equipment still in- 
tact, were uncovered at Pompeii. 
The Groma consisted of four 
parts: the cross or Groma pro- 
per which was about three feet 
across; four plummets suspended from the cross, 
two of which were plumb bobs and two of which 
were weights; a swinging arm which, with the 
cross and plummets, could be removed, and a 
“Jacob’s staff” with a pointed iron shoe at one 
end. Another plumb bob which could be used to 
orient the instrument over a monument hung from 
the swinging arm, directly below the center of the 
cross. The Groma was very similar to the sur- 
veyor’s cross used in the 19th Century, the main 
difference being that on the surveyor’s cross vert- 
ical slits mounted upon the cross were used to 
sight by instead of vertical plumb lines. To use the 
Groma the surveyor first set it over some monu- 
ment or other marker, but with the Jacob’s staff 


Fig. 3. The Lychina 
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Fig. 2. The Dioptra 











Fig. 4A. The Libella 


not on any base line. Then two strings on the same 
arm were lined up with a backsight, and a fore- 
sight was set. By sighting down the strings of the 
other arm of the cross, lines at right angles could 
be established. Hero warns that great care must 
be taken in using this instrument. He says that 
the plumb lines must be made to hang vertically 
(especially hard to do in a strong wind) and that 
the cross of the Groma must be made perfectly 
level. 

The Dioptra was a Greek invention, but it was 
used extensively by the Romans. A versatile in- 
strument, it could be used both for leveling and 
for measuring horizontal and vertical angles. Its 
operation is obvious from the drawing. Leveling 
was done by sighting through an adjustable slit 
along the top of the water in the two ends of the 
glass tube which ran along the top of the instru- 
ment. The leveling tube could be removed from the 
base, and an angle reading attachment put on. 

Due to its simple construction the Lychina was 
probably used before the Dioptra to measure vert- 
ical angles (fig. 3). The distances AD, AC, and 
BD could be measured. Then by similar triangles 
the vertical distance DE could be computed. It is 
evident that the instrument was not too accurate. 

Two types of instruments were used for level- 
ing: those using plumb lines, and those using 
water levels. The Chorobates was an instrument 
employing both of these methods. (Fig. 5). Norm- 


Fig. 5. The Chorobates 


Fig. 4B. The Norma 


ally the two plumb lines at either end of the in- 
strument were used to level it, but on windy days 
a water trough about five feet long in the center 
piece of the apparatus was used. The Chorobates 
was more accurate than the Dioptra, but more 
troublesome to use. The Norma and the Libella 
(Fig. 4), two similar instruments, were leveled by 
plumb lines. When the plumb line of the Libella 
exactly coincided with a mark in the center of the 
cross-piece, the instrument was level. The Libella 
had the same shape as the modern miner’s triangle, 
and it is interesting to note that the Forty-niners 
in California set up hundreds of miles of ditches 
and grade stakes with this same type of instru- 
ment. A target rod was used in conjunction with 
these leveling instruments, The target was raised 
or lowered by the rodman by means of a string 
placed over a pulley and attached to the target. A 
pointer fixed to the target enabled the rodman to 
read elevations directly from a scale on the side 
of the rod. Leveling was done the same way it is 
today. The sum of the foresights was subtracted 
from the sum of the backsights to give the differ- 
ence in elevations from a fixed bench mark. 

As mentioned before the accuracy attained with 
these simple instruments was extremely good. On 
an 80 kilometer line from the district of Walldurn 
in Boden to Wurtenburg, a recent survey has re- 
vealed that the Roman surveyors were at no point 
more than two meters off the true line. 
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Jim Walker asks: 


Can a mechanical 
engineer make 
real progress in 

a chemical firm? 


James B. Walker received his B.S. in mechanical engineering from 
North Carolina State College in June 1954, and he’s presently working 
for his M.S. at the same college. By asking pertinent questions, Jim is 
making sure that the position he finally accepts will be the right one for 


a fellow with his training. 


“Pick” Pickering answers: 


Well, Jim, that’s what the lawyers call a leading 
question, and the answer leads right into my baili- 
wick. I came to Du Pont in 1940, after taking a com- 
bined mechanical and electrical engineering course. 
So I had what you might call a double reason for 
wondering about my future with a chemical firm. 

I soon learned that the success of a large-scale 
chemical process is vitally dependent upon mechan- 
ical equipment. And the success of this mechanical 
equipment—especially for a new process—depends 
on (1) Research, (2) Development, (3) Plant Engi- 
neering, and (4) close Supervision. The net result is 
that a mechanical engineer at Du Pont can progress 


OU PONT 


REG. Us. pat. OFF 
BETTER THINGS FOR BETTER LIVING 
-.- THROUGH CHEMISTRY 


WATCH ‘“‘CAVALCADE OF AMERICA’”’ ON TELEVISION 
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H. M. Pickering, Jr., received a B.S. in M.E. 
and E.E. from the Univ. of Minn. in 1940. He 
gained valuable technical experience at Han- 
ford Works, in Richland, Washington, and in 
Du Pont’s Fabrics and Finishes Plant at Parlin, 
N.J.Today he is Works Engineer for Du Pont’s 
Seaford, Del., plant, where nylon comes from. 


along any one of these four broad highways to a top- 
level position. 

My own Du Pont experience includes mechanical 
engineering work in fields as varied as atomic energy, 
fabrics and finishes, and nylon manufacture. Every 
one of these brought with it a new set of challenging 
problems in construction, instrumentation, and 
power supply; and every one provided the sort of 
opportunities a man gets in a pioneering industry. 

So, to answer your question, Jim, a mechanical 
engineer certainly has plenty of chances to get some- 
where with a chemical company like Du Pont! 


Want to know more about working with Du Pont? 
Send fora free copy of ‘‘Mechanical Engineersat Du Pont.” 
This 24-page booklet describes in detail the four broad 
categories of jobs mentioned by ‘“‘Pick”’ Pickering. Typical 
pioneering problems in each of these four categories are 
outlined. This booklet briefs a young mechanical engineer 
on how some of the newest and most challenging problems 
in his field were solved. Write to E. I. du Pont de Nemours 
& Co. (Inc.), 2521 Nemours Bldg., Wilmington, Del. 





ELECTRICAL ENGINEERS 
MECHANICAL ENGINEERS 


electrical and mechanical engineering design and development, 
stress analysis, airborne structural design, electrical and electronic 


circuitry, systems studies, instrumentation, telemetering, electro- 
mechanical test, applied physics problems. 


Sandia Corporation, 


a subsidiary of the Western Electric Company, offers 
outstanding opportunities to graduates with Bachelor's or advanced degrees, with 
or without applicable experience. 


to military uses certain of the fundamental processes developed by 
nuclear physicists. This task requires original research as well as _ straightforward 
development and production engineering. 


A new engineer's place on the Sandia team is determined initially by his 


Sandia Corporation engineers and scientists work as a team at the basic task of 
applying 


training, experience, and talents 


and, in a field where ingenuity and 
resourcefulness are paramount, he is afforded every opportunity for professional 
growth and improvement. 


Sandia engineers design and develop complex components and systems 

that must function properly under environmental conditions that are much 
more severe than those specified for industrial purposes. They design and 
develop electronic equipment to collect and analyze test data; they build 
instruments to measure weapons effects. As part of their work, they are 
engaged in liaison with the best production and design agencies in the 
country, and consult with many of the best minds in all fields of science. 


Sandia Laboratory, operated by Sandia Corporation under contract 
with the Atomic Energy Commission, is located in Albuquerque — in 
the heart of the healthful Southwest. A modern, mile-high city of 150,000, 
Albuquerque offers a unique combination of metropolitan facilities plus 
scenic, historic and recreational attractions — and a climate that is 


sunny, mild, and dry the year around. New residents have little diffi- 
culty in obtaining adequate housing. 


& Liberal employee benefits include paid vacations, sickness bene- 


fits, group life insurance, and a contributory retirement plan. 


Working conditions are excellent, and salaries are commensurate 
with qualifications. > 


A limited number of positions for Aeronautical Engineers, 
Mathematicians, and Physicists are also available. 


Make application fo: PROFESSIONAL EMPLOYMENT 
Division 14 
@ Or contact through your Placement Office the Sandia 
Corporation representative with the Bell Telephone 


System College Recruiting Team for an 
interview on your campus. 


die 


AND 
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SANDIA BASE ALBUQUERQUE, NEW MEXICO 
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Where will you use 
this simple 
fastener ? 


No threading, peening or precision 
drilling with ROLLPIN 


Rollpin is driven into holes 
drilled to normal production- 
line tolerances. 


Rollpin is the slotted tubular steel pin with chamfered ends that is 
cutting production and maintenance costs in every class of industry. 

This modern fastener drives easily into standard holes, com- 
pressing as driven. Its spring action locks it in place—regardless of 
impact loading, stress reversals or severe vibration. Rollpin is 


readily removable and can be re-used in the same hole. 
« 


If you use locating dowels, hinge pins, rivets, set screws —or 
straight, knurled, tapered or cotter type pins— Rollpin can cut 


your costs. Mail our coupon for design information. 


Elastic Stop Nut Corporation of America 
Dept. R16-CM, 2330 Vauxhal! Road, Unon, N. J. 


Please send me the following free fastening information: 


DD Rolipin bulletin 0 Here is a drawing of our 
product. What fastener 
on pin DC Elastic Stop Nut bulletin would you suggest? 


a 
TRADEMAR 


Firm 


Street. 
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from the editors notebook 
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Very recently there appeared an editorial in the “Princeton Engineer” condemn- 
ing the staging of an intercollegiate convention by students only. The editor said: 
“Their failure was... due to... the absence of occasional advice and positive guid- 
ance from their tutors.’”’ Another point made was that the freedom of the students 
and the little time the instructors have to give to the students adds up to a “factory” 
education with ,no real relationship between the students and the faculty. 


We must concede that the students involved did muff the job but the essential 
fact is that the students did do the whole job. In the future we can look for better 
conventions being presented by the students alone. The importance of this step to- 
ward complete student management of affairs dealing with students and faculty 
members of other colleges cannot be overly stressed. There is no longer the crutch 
of too little advice to fall back upon, as other colleges have. We do not condemn oc- 
casional advice when asked but positive guidance could keep the students from think- 
ing for themselves, 


This positive guidance, or faculty “interference,” very possibly stems from the 
fear of a loss or degradation of the reputation of a school or department because of 
student bungling. When a school or department has enough courage to give the stu- 
dents full control of conventions and other activities dealing with outsiders, the atti- 
tude of this school or department has grown into more than a mere “relationship” ; 
it has grown rather into a pride and faith in the quality of their students. 


“Administration can only provide the conditions favorable to closer ties.”’ But is 
there not another provision that the administration can make? Yes! The provision of 
trust; far greater than advice, talks, and social gatherings is this faith in the stu- 
dents. ‘“‘Experience is the best teacher” is still true. You would think from the empha- 
sis on freedom of the students and student bungling that the students might never 
learn to fend for themselves. Do not forget that the students running these affairs 
will pass on their experiences to younger students and will — while working — gain 
much-needed self-confidence. 


We must admit that Princeton’s preceptorial system would be desirable here at 
the Institute. We cannot admit, however, that to compensate for the large number of 
students we have had to lower the quality of the students. With the combining of 
courses and the giving of advanced courses earlier in the students’ training, we may 
say that if anything the quality of the students has increased. May we also venture 
to say that one of the reasons for this is the better chance to mature because of less 
interference and more guidance from the faculty. This guidance that gives us all this 
“freedom” is often misinterpreted by outsiders as a reluctance to advise and fear of 
repulsion if there is advice given. I am sure that there are few instructors at the In- 
stitute who would not give of their time for advice and instruction if asked. It is for 
the students to ask the instructor’s advice and in this point I agree with the Prince- 
ton editor when he wrote: “... students .. . have made so little effort to know their 
faculty.” 

H. 1. S. 
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Installing cast iron mechanical joint pipe across river at Salina, Kansas, for sewer main. 


When an installation, once completed, should be 
as trouble-proof as planning and materials can 
make it —engineers rely on cast iron pipe. It 
has high beam-strength, compressive-strength and 
shock-strength. Its effective resistance to corrosion 
ensures long life, underground or underwater. 
These are reasons why cast iron pipe is so widely 
used for water lines in tough terrain, pressure and 
outfall sewers. river crossings, and encased piping 
in sewage treatment and water filtration plants 
Cast Iron Pipe Research Association, Thos. F. 
Wolfe, Managing Director, 122 So. Michigan Ave., 
Chicago 3, Ill. 


This 123-year-old cast iron water main is still in use in 


e the distribution system of St. Louis, Mo. 
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HONEYWELL 
OFFERS 
CHALLENGES 
UNLIMITED 


Fos challenges and problems for the 
engineer in the automatic control 
field are unique in their variety and in 
the insight provided into all of the 
industries of today’s modern world. 

The development and manufacture 
of tiny transistors for electronic control 
. . . the design and construction of 
giant control valves for oil refineries 
. .. the challenge of finding fish with 
underwater sonar . . . of providing auto- 
matic flight for supersonic jets .. . 
temperature controlsfor today’s modern 
home .. . for atomic piles . 

These are a few of the fields in which 
Honeywell’s several divisions are en- 

aged, providing automatic controls 
or industry and the home. 

These controls are made possible by 
the creative imagination of highly 
trained engineers working with the 
very latest research and test facilities. 

With nine separate divisions Jocated 
throughout the United States and with 
factories in Canada, England and 
Europe, Honeywell offers unlimited 
opportunities in a variety of challeng- 
ing fields. Based on diversification and 
balance between normal industry and 
defense activities, Honeywell will con- 
tinue to grow and expand because 
automatic control is so important to 
the world’s progress. And automatic 
control is Honeywell’s business. 

That is why we are always looking 
for men with ideas and imagination 
and the ambition to grow with us. 
In addition to full time engineering 
and research employment we offer a 
Cooperative Work Study program, a 
Summer Student Work Study program 
and Graduate Fellowships. If you are 
interested in a career in a vital, varied 
and diversified industry, send the cou- 
pon for more information. 


Honeywell 
Hi) Fists inn Couttrols. 


Divisions: Appliance, Aeronautical, Commercial, Heating Controls, Industrial, 
Marine, Micro Switch, Ordnance, Valve. 
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MINNEAPOLIS-HONEY WELL 
REGULATOR Co. 
Personnel Dept., Minneapolis 8,Minn. 


Gentlemen: Please send me your 
booklet, “Emphasis on Research”, 
which tells more about engineering 
opportunities at Honeywell. 


Seeeceeesesescessoooeseseeeee 
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ENGINEERS 


PHYSICS GRADUATES 


To those interested in advanced academic 
study while associated with important research and 
development in industry, Hughes offers 
two separate practical programs: 
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A program to assist outstanding 
individuals in studying for the 
Master of Science Degree while 
employed in industry and making 
contributions to important military 
work. Open to students who will 
receive the B.S. degree in Electrical 
Engineering, Physics or Mechanical 
Engineering during the coming 
year, and to members of the Armed 
Services honorably discharged and 
holding such B.S. degrees. 


Candidates must meet entrance 
requirements for advanced study 
at the University of California 
at Los Angeles or the University 
of Southern California. Participants 
will work full time during the 
summer in the Hughes Laboratories 
and 25 hours per week while pur- 
suing a half-time schedule of 
graduate study at the university. 


Salary is commensurate with the 
individual’s ability and experience. 
Tuition, admission fees and books 
for university attendance are pro- 
vided. Provision is made to assist in 
paying travel and moving expenses 
from outside Southern California. 


for the Hughes Cooperative Fellowship 
Program: Address all correspondence 
to the Committee for Graduate Study 
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Eligible for these Fellowships are 
those who have completed one year 
of graduate study in physics or 
engineering. Successful candidates 
must qualify for graduate standing 
at the California Institute of Tech- 
nology for study toward the degree 
of Doctor of Philosophy or post- 
doctoral work. Fellows may pursue 
graduate research in the fields of 
physics or engineering. During 
summers they will work full time 
in the Hughes Laboratories in 
association with scientists and engi- 
neers in their fields. 


Each appointment is for twelve 
months and provides a cash award 
of not less than $2,000, a salary of 
not less than $2,500, and $1,500 for 
tuition and research expenses. A 
suitable adjustment is made when 
financial responsibilities of the Fel- 
low might otherwise preclude par- 
ticipation in the program. For those 
coming from outside the Southern 
California area provision is made 
for moving and _ transportation 
expenses. 


for the Howard Hughes Fellowships in 
Science and Engineering: Address all 
correspondence to the Howard Hughes 
Fellowship Committee 


ey 


THE TECH ENGINEERING NEWS 





limitations of math reasoning 


On the limitations of mathematical reasoning 


by Barry Mazur, '58 


Mathematics is a pervasive subject. All knowl- 
edge becomes embraced by it. But it has its limita- 
tions as well. 

What is mathematics anyway? Its beauty and 
elegance have enchanted many people and yet the 
essence of mathematics does not lie in the sphere 
of aesthetics. It is relied upon faithfully as the 
tool of those who seek to understand basic physica] 
relationships and yet its domain need not touch 
upon the physical. Is it true that its doctrines are 
irrefutable? 

To answer these questions, or at least to attempt 
at an answer requires that we recall the basic 
formulations of a system of mathematics. 

Mathematics, I maintain, is pre-eminently a 
structure of knowledge and owes all properties to 
that fact. Therefore to understand the formulation 
of such a structure of knowledge we must first in- 
vestigate the properties of knowledge as such. Our 
answer to the question, “what is mathematics?” 
is then contingent upon the answer we arrive at 
to the question, “what is knowledge?” 

There exists in the universe around us two 
forms of basic knowledge, according to Kant. The 
first constitutes the form of knowledge that must 
be experienced to be actually known. Therein lies 
the realm of physical knowledge. When you de- 
monstrate to me the fact that the voltage in a 
direct current circuit is in direct proportion to the 
current flow through it, then and only then will I 
accept it as knowledge. I accept it with the mental 
reservation that I may withdraw it from my store- 
house of true knowledge if at any time it fails to 
be borne out by physical facts. Indeed, if we in- 
vestigate this matter more thoroughly we find that 
the voltage and current which we just hooked up 
according to the aforementioned relation are 
themselves mere concepts; they are merely at- 
tempts to visualize this knowledge. The question 
arises, are voltage and current themselves knowl- 
edge in the same category that we have admitted 
the relationship which binds the two to be. 

Well, says Kant, the knowledge of the relation- 
ship between two concepts we may call a pos- 
teriori. This is obtained through experience and 
only through experience. The method for formula- 
tion of a posteriori is of course inductive and all 
such knowledge lies beyond the realm of deduc- 
tion. However, continues Kant, there exists a more 
formidable body of knowledge—knowledge that 
may be inferred without the benefit of experience, 
so-called intuitive knowledge. This he terms a 
priori, 

Modern philosophers object vehemently at the 
mention of knowledge obtained without the aid of 
perception. They hold that all knowledge is ar- 
rived at through experience with the outside 
world. This view has been substantiated by the 
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fact that many things once held intuitively obvi- 
ous are now known to be false. 

Does this prove the non-existence of a priori 
knowledge? I submit that it does not. When, 
through experimentation, we find that in physical 
reality there exist such discrete particles as may 
be persuaded to flow through a metallic conductor, 
under certain conditions, and furthermore, that a 
property may be attributed to such a flow—name- 
ly, rate of flow, we can postulate the existence of 
such a concept. That concept is current and I 
maintain that wherever there exists such a flow, 
there exists a numerical quantity which may be 
associated with the concept of current. 

The knowledge of current, I further maintain, is 
a priori, It is a priori in that there need not exist 
such discrete particles at all for the concept of 
current to exist. The concept exists over and above 
experience, because I have defined it so. No 
amount of experimentation can possibly disprove 
the existence of that concept. 

Moreover, there are two categories of existence 
which we must contend with. To confuse physical, 
or concrete existence, with the existence charac- 
terized by the world of ideas would be disastrous. 
When I speak of physical existence, I refer to any- 
thing which may be perceived and am using the 
word with its Berkleyan connotations. When I 
speak of a concept having existence, however, I 
mean something more definite. A concept exists 
only if it may be derived directly from something 
we have previously defined, or postulated. Conse- 
quently, all concepts that are defined exist! 

Returning to current and voltage, we see that it 
follows from our use of the term “existence” that 
they must exist. Their existence is not contingent 
upon whether those discrete particles to which the 
concept applies exists physically. For indeed, if all 
knowledge of those concepts not affected at all by 
experience, if experience need not logically give 
rise to those concepts, and if experience cannot 
conceivably contribute to the disproving of those 
concepts, then it follows that in the strict Kantian 
sense, there does exist a body of knowledge entire- 
ly aloof from any attachments with “reality.” 

Also, it is seen that all physical knowledge is 
obtained through the medium of experimentation 
and must therefore be classified as a posteriori. 
A curious fact, however, is that concepts must 
necessarily be introduced to physically explain 
this knowledge. It is necessary, if we are ever to 
obtain any simple way of visualizing the pro- 
cesses of physics, that it be explained in terms of 
strictly definable concepts. It turns out, therefore, 
that rather than there being only a posteriori 
knowledge, all a posteriori knowledge must have 
its roots, its foundations, in a priori knowledge. 

Obviously this result is borne out in our ex- 
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with DENISON 


hydraulic 


equipment 


AR BELOW THE EARTH is a tremendous 

reserve of crude oil. The problem is how 
to find it. Denison helps the cause by speeding 
the operation of shot-hole rigs. 


These rigs drill holes into which charges 
are dropped. A seismograph records shock 
waves from the explosions and helps geo- 
physicists determine where the oil is. With 
Denison Pump/Motors furnishing power for 
raising the mast and for drill pull-down, one 
company drills 33 holes 
-70-feet deep—ineight 
hours. 

Denison pumps, 
motors and controls 
supply dependable 
power for countless 
industrial applications. 
For information about 
applications and the 
design of Denison oil-hydraulic equipment, 
write to 


Denison Pump/ Motor 
used on drilling rig 


THE 
DENISON ENGINEERING COMPANY 
1218 Dublin Road + Columbus 16, Ohio 
Leading Designer and Manufacturer of Hydraulic 
Presses and Components 


| ample. The fact that there is a proportional relationship is a pos- 


teriori. That relationship however, is a relationship between two 
concepts, the knowledge of which is a priort. 

From our discussion, it then appears that the realm of mathe- 
matics extends to all a priori knowledge. In other words the sub- 
stance of mathematics is definitions and axioms. In the words of 
Bertrand Russell, “Pure mathematics is ‘a’ implies ‘b’.” 

Is every mathematical truth a tautology? If I create a mathe- 
matical system of knowledge, which I will denote as S, consisting 
of a set of postulated and defined propositions, P,, P:, P, ... and 
if I find as a direct consequence, a proposition P', not contained in 
the set of propositions, P, is true, then from our previous discussion 
we know that the knowledge that P' is true is a priori. Does it neces- 
sarily follow that P' is true in another system of knowledge, S'? 
Obviously it does not. Therefore it is necessary to qualify a priori 
knowledge and attribute it to a specific system. In other words, a 
correct statement would be P' is true in S, or to use Russell’s termin- 
ology, S implies P'. The statement that S implies P means exactly 
this: The proposition P is inherent and it is contained in the proposi- 
tion S. 

We are now forced to answer in the affirmative. Yes, mathe- 
matics is a tautology; moreover all intuitive knowledge appears to 
be tautologic. To a Laplacian superman (an intellect which is as- 
sumed to have all possible information at its command) all intui- 
tive knowledge will be mere trivia. Indeed, all mathematical truth, 
no matter how wonderous and startling it may appear to be, would 
be reduced to the trivial statement that “X”’ is equal to ““X’’, to this 
infinite intellect. At first this may sound as a serious limitation, but 
reflection will bear it out as a necessity. The pure process of reason 
should not get out of a statement anything more than what is put in. 
All that reasoning process should do is to clarify exactly what is in- 
herent in a statement (or group of statements). 

The well-known Heisenberg Uncertainty Principle provides an 
interesting illustration. It states the seemingly amazing mathe- 
matical deduction that the more certain we are of a particle’s posi- 
tion, the less certain we are of its velocity and vice versa. If we 
observe that it would be impossible to perceive the electron without 
radically altering either its position or its speed (in most instances 
both), then the principle must follow. The principle is interesting 
in that nowhere did Heisenberg ever deal explicitly with the phe- 
nomenon of perceiving electrons. However, if he came to any other 
conclusion than the one to which he did, we would not be able to 
test whether it was so, precisely because we cannot perceive elec- 
trons with any accuracy. Moreover, it would raise some serious 
philosophical problems as to how and where the data determining 
the position and velocity of electrons managed to creep into his 
equations since we can’t seem to determine those quantities ex- 
perimentally, and, after all, Heisenberg’s physics was formulated 
on the basis of experimental facts..As it stands, his theory raises 
enough serious philosophical problems. 

The statement that S implies P means that given a system S, 
the consequences of such a system, P', P'',... are mere tautologies, 
with no profound philosophical truth other than identity. Wherein 
then, lies the beauty of mathematics? What ultimate good may be 
derived from a study of it? Where does creativity enter into it? 

The province of mathematics, I believe, is in notation, There 
is where creativity lies. I believe that is the essence of the subject. 
It is the main goal of mathematicians to express greater and greater 
complexities of ideas with simpler and simpler notations. It is to 
view the complex in new ways, always in a different light, so as 
to obtain different and broader sweeping consequences. It is the 
“experimental laboratory” of a priori knowledge. The beauties and 
deep philosophies which can emerge are due to the multifarious 
patterns of logical thought with which the subject abounds, 

The most thought-provoking definition of mathematics that 
I have ever heard was the one given by Professor Whitehead when 
he said that mathematics is the science of pattern. 

A deep, almost religiously fervent belief that the richest phil- 
osophical or physical concept can be expressed with elegant sim- 
plicity and still retain all of its ramifications is fostered in the 
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mathematician. The field of mathematics looks toward notation 
for more fruitful avenues of intellectual endeavor. By notation, 
of course, I include defined concepts, such as groups, fields, rings, 
etc. I mentioned above, the concept of existence of ideas and “‘ob- 
jects”. I should now like to investigate exactly how the definition 
of existence of concepts applies, with respect to mathematical con- 
cepts in particular. Does mathematical existence imply some cor- 
responding physical existence? 
Let us take a simple propositional function: 


1+1=>x 


Now one may say that there exists a number such that it would 
reduce the above function to a true proposition, i.e., when x takes 
the value of 2. What about corporeal existence? Need it necessarily 
follow, that, were we to take one object and another object we 
would always end up with two objects? Well, it may be true. Its 
truth, however, lies only in the sphere of a posteriori reasoning. 
It follows then that there are many answers to the propositional 
function. As was noted before, the answer you get depends upon 
the system of propositions you accept beforehand. Were I to accept 
the ordinary propositions of arithmetic, the value of x that would 
satisfy the expression would be 2. Were I to treat it in a system 
where I have previously defined the operation to mean that I should 
take the two numbers and measure their length on the arc of a 
circle, then take as my answer the length of the corresponding 
chord, there are an infinite number of values of x that could possibly 
produce a true proposition of that function. In particular, x could 
be anything greater than or equal to zero and less than two. 

Even if I define the binary operation (+). as the addition of 
two equal lengths of unit magnitude marked off on some standard 
rigid object in our universe, there are still an infinite number of 
values of x which exist that make 1 + 1 = x a true proposition. 
In particular, x has a range of values: 2—e x 2+e, where 2e is the 
possible experimental error involved in measurement. Obviously, 
then, there is no exact correlation that one may make between the 
existence of a number in the mathematical realm, and the existence 
of a number in the physical realm. Keeping that fact in mind, I 
should like to pose the following problem: 

Assume that we have a certain universe, a closed system. | 
will allow one governing postulate of this universe. That is that 
there is no correspondence with irrational numbers whatsoever in 
the system. The existence of irrational numbers would lead to some 
logical inconsistency. That means that such points in the space of 
this universe, as might correspond to a dyadic number relationship 
where one of the pair of numbers is irrational, do not exist. It 
means that any quantitative measurement in the system can be 
expressed exactly in terms of rational numbers, assuming that 
the range of error is zero. The question of whether or not a system, 
such as the one | just described, can possibly exist will be dealt with 
later. 

Now I shall take the series: 

¢ SR a a: ee 
@ * 10 * 10 10” 

and attribute values to the a’s in accordance with certain happen- 
ings in this universe. Suppose that I take a coin in this universe 
and define the a’s as follows: I shall repeatedly flip the coin and 
record the results. If, on the first flip, the coin landed on heads, | 
shall define a, to be zero. If it landed on tails, it is defined to be zero. 
A, is defined similarly for the second flip of the coin, and similarly 
for all the rest of the a’s. In other words, the number which can be 
expressed as a continuous decimal: 


a. ©. es ) ae 


is, in a manner of speaking, the history of the flips of this coin. 
Now it can be proven that any repeating continuous decimal is ra- 
tional, and any non-repeating continuous decimal is irrational, Obvi- 
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PRODUCTS DESIGNED FOR STEEL 
COST LESS BECAUSE: 


Steel is 3 times stronger than 
gray iron. 


? Steel is 22 times as rigid. 


Steel costs a third as much per 
pound as cast iron. 


CUTS COSTS 
WITH WELDED STEEL 


nieces costs largely de- 
termine whether a design is ac- 
ceptable for manufacture. The suc- 
cessful designer therefore, seeks out 
every opportunity to eliminate un- 
necessary expense from his engi- 
neering recommendations. 

Because steel is stronger, more 
rigid than iron, yet costs a third as 
much per pound, costs on many 
products such as the two shown be- 
low can be cut as much as 50%. 


COSTS 30% LESS — Machine bracket is 
welded from 10 gauge metal. Weighs half 
of original cast design. Cut is stronger, 
more rigid. Costs 30% less to produce. 


COSTS 45% LESS — Feeder roll is built 
from standard channel welded to steel 
discs. Steel design eliminates breakage, 
weighs half of former casting. Saves 45% 
On cost of manufacture. 


Ideas for designing in welded steel 


Bulletins and handbooks on latest design pro- 
cedures are available to engineering students. 
Write: 


THE LINCOLN ELECTRIC COMPANY 
Cleveland 17, Ohio 
THE WORLD'S LARGEST MANUFACTURER OF 
ARC WELDING EQUIPMENT 
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ously, if we are to maintain our postulate which 
governs this universe, the continuous decimal 
which we shall denote by D that is obtained in 
this manner, must be repeating. That, however, 
requires the coin to flip in finite repeating se- 
quences, We might apply this type of reasoning 
to any happening in this universe. To uphold our 
primary postulate, then, it is necessary for all 
events that occur in this universe, to occur in 
cycles. The problem | shall pose is this: is it ne- 
cessary for all events in this universe to occur 
cyclically? First we must answer some objections 
that may arise against the validity of my previous 
argument. Someone may object that D is not irra- 
tional, because its being irrational presupposes 
that we can flip it an infinite number of times. The 
fact is, of course, that we cannot flip it an infinite 
number of times, To rectify that shortcoming in 
my argument, I submit that a decimal D' may be 
associated with some continuously occurring phe- 
nomenon, and if one supposes that this universe 
(if it exists at all), will exist for an infinitely long 
duration, and, if we take periodic readings of this 
phenomenon, we will have an infinite number of 
readings; hence, an infinite number of terms for 
D! 


For example, if there exists any concept in that 
universe corresponding to a quantitative variant, 
such as mass in our universe, we may ascribe to 
D' periodic readings of that variant, such as total 
mass at certain times, and obtain an infinite 
decimal in that manner, This assumes that there 
are fluctuations in that universe. It assumes that 
there exist in that universe such objects that will 
lead towards change. 

The next and more important objection to this 
reasoning is that I assume the possible existence 
of such a universe. Unfortunately, it is an objec- 
tion which I cannot dispose of as easily as the first. 

Reverting to the earlier discussion of existence, 
I should like the reader to recall my two defini- 
tions of the term. At this point I should also like 
to define the concept “possible”. I shall use “pos- 
sible” in the Leibnitzian sense. In other words, a 
set-up is possible physically, if there is incurred 
no logical inconsistency by our assuming that it 
exists. By our definition, it follows directly any- 
thing that is possible conceptually, is possible 
physically. 

Hence to show that the existence of such a sys- 
tem is not impossible (so as to remove the objec- 
tion) I must show that there is not incurred an 
inconsistency by believing it to exist. I regret to 
admit that I cannot do so. And the sadder part of 
it is that it cannot be proven of any system. | take 
refuge in the fact that all of mathematics stands 
on as flimsy ground as my system. Euclid’s geom- 
etry, regardless of the fact that it has existed for 
hundreds of years, is not free from that objection. 

And here we come to the first important limita- 
tion of the validity of mathematics, and mathe- 
matical systems. Almost all of the ramifications 
of a mathematical system may be examined, AI- 
most all of its consequences can be proven, at 
least mathematicians are instilled with that be- 
lief. There is one thing that cannot be proven, 
however, and it is that the system is possible! 

It is easy to see why that situation is so. To 
prove a system impossible, we must show that one 
of its consequences is ‘‘A’’, and another of its con- 
sequences is “not A’’. That follows from the defini- 
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tion we accepted for the term “possible”. To prove 
that a system is possible, therefore, it is necessary 
that we prove conclusively and rigorously that 
there will never be two consequences of the system 
such that one is “A”, and the other is “not A”. 
That requires that we examine every single con- 
sequence of the system §. It is impossible to do so, 
and what is more, even if we are able to do so, no 
method has yet evolved whereby we can prove 
conclusively that we have done so. 

The property that a system of postulates is said 
to have, if they lead to something which is pos- 
sible, is called “compatibility.” Although we can 
be reasonably certain in the compatibility of Rei- 
mannian Geoemtry or Hilbert’s Doctrinal System, 
or other propositional systems, we can never erase 
all elements of “Cartesian” doubt, as to the possi- 
bility of such a system. Indeed, some mathemati- 
cian in the future may unearth a self-contradic- 
tion in those geometries, rendering them incom- 
patible and hence false. . 

The idea of incompatibility between two or 
more propositions in the same system is not 
peculiar to the subject of mathematics. All doc- 
trines must be compatible within themselves in 
order for any of their consequences to be borne 
out. Karl Marx occupied a good part of his life by 
analyzing the propositions implied by the eco- 
nomic system of nineteenth century capitalism 
and attempted to prove it self-contradictory—and 
he did, His analysis of capitalism was such that it 
lent itself to concise formulation in terms of a 
propositional system. His logic was nothing short 
of mathematically rigorous from then on in prov- 
ing that such a system would not work effectively 
for any period of time. 

There are many branches of knowledge which 
can be reduced to the beautiful simplicity of a 
mathematical system. In fact, the entire field of 
thermodynamics can be considered a geometry of 
the sort that we are discussing. Its principal laws 
can be considered propositions, in which case, all 
of its consequences are directly implied by them. 
We may say that the truths of thermodynamics 
are valid wherever the first and second laws hold, 
and in that sense have equal status to mathemat- 
ical truths. 

All philosophical systems are of course in this 
category and should be continuously scrutinized 
as to whether they are inconsistent. We should 
ask ourselves whether our own thoughts are in- 
consistent. Do we take things for granted which 
would prove under more scrupulous observation 
to be self-contradictory ? 

It is a question which we should never stop ask- 
ing ourselves because we can never answer it with 
a definite no! 

We are now prepared to tackle the problem of 
whether or not the truths of mathematics are irre- 
futable , . . unfortunately they are not. We have 
shown previously that the province of mathe- 
matics is tautology and can be considered as: S 
implies P. However we have just shown that we 
can never be certain that S is possible. Of course, 
if S is impossible, we cannot draw any valid con- 
clusions from it, so therefore we must narrow the 
domain of mathematics still further. We must now 
say that S implies P only if P is possible. 

It follows then that mathematical truth, and 
hence the validity of all reasoning is by no means 
irrefutable; it can never be. 
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the incandescent lamp 


by Rae Frank Stien 


1954 marks the 75th anniversary of Edison’s 
invention of the first practical incandescent lamp. 
Since that time 39,500,000,000 electric lamps have 
been produced in this country alone. As many 
more will be produced in the next 15 years. 

Fundamentally, an incandescent lamp is a 
simple thing—just a wire sealed in a glass bulb 
with a few supplementary parts. The power re- 
quired to force electric current through the fila- 
ment heats it to incandescence, and light is thus 
produced. It is necessary to heat the filament to 
5000 F., yet the filament does not burn up because 
it is either in a vacuum or an atmosphere of inert 
gas. 

The objectives of lamp design are quite simple. 
The first consideration is that a source produce 
light most economically for the service intended. 
The other objectives are uniformity, accuracy of 
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wattage, and dependability. 

We consider here only the tungsten filament be- 
cause there is no substance known today that can 
be used as a lamp filament that is as efficient as 
tungsten in converting electrical energy into light 
on the basis of practical life—with NO reserva- 
tions as to cost, difficulty of manufacture, or any 
other considerations. 

The size of lamps varies from the “grain of 
wheat” lamp which is rated at .17 watt to a giant 
35 inch high 50,000 watt monster. It is interesting 
to note that the 50,000 watt lamp uses as much 
power as the most powerful commercial broad- 
casting stations today. 


Lamp Efficiency: 


Theoretically, a tungsten bar at its melting 
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point would yield an efficiency 
of 52 lumens per watt; however, 
the highest practical efficiency 
at present is 35.8 L/W for in- 
candescent lamps. The reason 
that bulbs are not operated at 
the maximum theoretical effi- 
ciency is that as the temperature 
of a filament is raised to in- 
crease its efficiency, its life is 
shortened because it vaporizes 
more rapidly. Obviously, a 
tungsten lamp could be operated 
at 52 L/W only until the fila- 
ment melted. In order to deter- : 
mine the most practical lamp he: 
for a particular application one 

must consider not only efficiency, 

but also lamp life. 


Cost of Producing Light: 


One buys lamps for their qual- 
ities of producing light econom- 
ically. It would be possible to 
produce a lamp that would last 
3000 hours; however, this lamp 
would not be economical, for it 
would be very inefficient. When 
we make a “cost of light” calcu- 
lation we must consider the cost 
of the bulb, its life, its efficiency, 
and the cost of electricity. The 
formula for the unit cost of light 
is as follows: 


ight, Se 


Spe ee oe ee 


cost per million lumen hours in dollars 
10(_P 

= 2600" ®) 
E—Average lumens per watt throughout life 
W—Average watts throughout life 
L—Average lamp life in thousands of hours 
P—Net cost of lamp in cents 
R—Cost of electricity in cents per kilowatt-hour 
One million lumen hours is used as the unit in cost 
of light calculations because it is equal to the total 
light produced by a 100 watt lamp when operated 
at normal voltage. 

An interesting application of the cost formula 
is that it is common practice in floodlighting of 
baseball, football, and other recreation areas to 
burn lamps 10% above rated voltage. This results 
in 35% more light for 16% more wattage. The 
average lamp life is decreased to between 206 and 
300 hours or usually representing at least one full 
season’s use. In the above example the shortened 
life of the bulbs is more than compensated for by 
their increased efficiency. 

Lamp economies in many installations involves 
in addition to the cost of light, the cost and incon- 
venience of replacement and/or handling. This is 
important in certain classes of service: mainly 
street lighting, large stores and offices, signs, etc. 
In these instances lighting service can be im- 
proved and the actual cost of producing light 
might be decreased by replacing all the lamps in 
a group at some fraction of the average life. At 
90% of life, 72% of the lamps are burning; at 
80%, 84% remain. Replacement at 70% average 
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DESIGNED 
for the 
PLANT 

of 
TOMORROW 


Brown & SHarPe “up-to-the-minute” machines 
have been designed and built for just such plants. They 
offer improved performance and greater reliability for 
the mass production of precision parts at lower operat- 
ing costs. These machines on the production line will 
integrate high production and high precision. 

For full particulars on the complete line embrac- 
ing Milling, Grinding and Screw Machines write 
Brown & Sharpe Mfg. Co., Providence 1, Rhode Island. 


Brown & Sharpe \"5 












One for every place 
One place to get them all... 





















Out on the job. . . irrespective of your engineering role 
- » « you'll be coming to grips with the problem of elimi- 
nating wasteful friction. 

You can look to S&S for the practical solution to anti- 
friction bearing problems. 

SCS” makes all of these eight types of bearings which 
serve virtually every equipment need. Rely on SS0SiP for 
putting the right bearing in the right place. m1? 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 
— manufacturers of &%F and HESS-BRIGHT bearings. 
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The 40 hour watch on the first practical incandescent lamp. 


life is oftentimes adopted as the economical point 
for group replacement, for at this point less than 
ten per cent of the lamps should have failed. 

Lamp life is necessarily based on averages ob- 
tained from life-testing hundreds of thousands of 
lamps annually. A perfect “mortality” record 
would be one in which all the lamps tested reached 
100% rated life and then burned out. Ratings are 
usually calculated for the time when about 50% of 
the lamps have burned out. Between 60 and 100% 
rated life is the area in which it is most economical 
to replace a lamp, whether it is burned out or not. 
Operating a lamp beyond 100% life is definitely 
not practical. 

The first lamp burned for 40 hours. During this 
time Edison and his co-workers carried on what 
was later known as the “death watch.” Certain 
that they were on the trail of success, they in- 
creased the voltage and deliberately burned out 
the lamp. The lamp was of 110 watt size and had 
an efficiency of 1.4 lumens per watt. 

The incandescent lamp bulbs that we use today 
are, in principle, exactly like Edison’s bulb of 
1878. The only major changes have been the sub- 
stitution of tungsten for carbon in 1906, and the 
introduction of the gas-filled bulb in 1913, Other 
developments that increased lamp efficiency were 
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the double coiling the filament wire, removing the 
exhaust tip from the bulb, reducing the blacken- 
ing of the bulb, and the use of mass production 
methods. 

The theoretical maximum efficiency for conver- 
sion of electricity to light is 220 lumens per watt 
for white light. The most efficient flourescent 
lamps have an efficiency of 69 L/W. Much work 
is being carried on to provide more efficient lamps 
and the future should see some interesting new 
lamps with much higher efficiency than the max- 
imum at persent. 

TABLE I 
Table of Commercial 100 Watt Lamps 

Lamp type, 
voltage, and service Efficiency, L/W Life, Hour: 
240 volt vacuum 9.9 1000 
120 volt vacuum 11.3 1000 
120 volt rough service 12.0 1000 
240 volt general lighting 12.4 1000 
120 volt general lighting 15.4 1000 
60 volt train lighting 16.5 1000 
120 volt general lighting 16.3 750 
20 volt train lighting 18.5 1000 
120 volt projection 19.2 50 
12 volt aviation 22.0 100 

courtesy of the General Electric Co. 


THE TECH ENGINEERING NEWS 


‘ ‘ 








tonight 


This man could almost reach the 
moon tonight...for he stands at the 
brink of a new age in the conquest 
of space, and he knows this: 


If we had to, we could get him there. 
Given time and urgent need, we could 
design, build and deliver the total 
solution to that problem. 


An entirely new development in the 
aircraft industry now makes this 
possible. It is a science and a method 
of developing aircraft, guided missiles 
and electronic systems not as traditional 
flying vehicles but as fully coordinated 
solutions to operations problems. 


Today, The Glenn L. Martin 
Company’s creative engineering 
resources and production facilities are 
among the finest in the new world of 
weapons systems development. 


And one of the reasons for Martin’s 
dynamic future in this new world is 
basic to leadership in any organization: 


There is always an opening for 
outstanding ability. 
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How billet mill gets extra 
bearing capacity in same space 


Engineers who designed this 10-stand billet mill speci- 
fied that the roll necks be mounted on Timken® Balanced 
Proportion bearings. That’s because Timken Balanced 
Proportion bearings have load ratings up to 40% 
higher than same-size bearings of older designs. And 
they make possible a 50 to 60% increase in roll neck t 
strength which means greater rigidity and higher roll- 
ing precision. 










True rolling motion, high precision 
practically eliminate friction 


All lines drawn coincident with the working surfaces __. 
of the rollers and races of Timken bearings meet at a 
common point on the bearing axis. This means Timken 
bearings are designed to give true rolling motion. And 
they are precision manufactured to live up to their 
design. Result: Timken bearings practically eliminate 
friction, save power. 

















Want to learn more about 
bearings or job opportunities? 


Many of the engineering problems you'll face after 
graduation will involve bearing applications. For help 
in learning more about bearings, 
write for the 270-page General In- 
formation Manual on Timken bear- 
ings. And for information about the 
excellent job opportunities at the 
Timken Company, write for a copy 
of “This Is Timken”. The Timken 
Roller Bearing Company, Canton 
6, Ohio. 


NOT JUST A BALL © NOT JUST A ROLLER > THE TIMKEN TAPERED ROLLER o> 
BEARING TAKES RADIAL @ AND THRUST -@~ LOADS OR ANY COMBINATION -W- 
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time traveling 


by Jerome P. Levine, ‘58 


As a rule, any mention of time travel or the 
fourth dimension usually conjures up images of 
strangely-clad people stepping into a futuristic 
machine and being whisked off to some remote 
spot in the future or past. In abstract scientific 
thinking, though, it is a field of contemplation and 
speculation, Although having no practical signifi- 
cance at the present time, time travel is a most 
fascinating subject, giving rise to much theoriz- 
ing. This article deals with an original hypothesis 
in this field, which, despite its complete and utter 
uselessness, I hope will prove interesting. 

My main aim is to prove that the popular con- 
ception of time—i.e., that a jump into the remote 
future or past could be accomplished almost in- 
stantaneously—is false. Thus I believe that there 
is no shortcut into the far reaches of time. A time 
traveler going into the future or past would ex- 
perience an amount of time equal to that over 
which he has passed. In all this I assume, conven- 
iently, that time travel will be entirely possible, 
at least mechanically. Another assumption I make 
is that time is a fourth dimension. These assump- 
tions are naturally very hypothetical, but for the 
sake of presenting this theory, they have been 
made. 

Let us picture our three dimensional world mov- 
ing through the fourth dimension at a constant 
velocity, The fact that we are moving through the 
fourth dimension can be explained as the cause of 
the passage of time in our world. Therefore, for 
each unit of fourth dimension over which we pass 
we experience a certain amount of time. This can 
be compared to a two dimensional world moving 
through the third dimension at a constant veloc- 
ity. Picture this as a plane moving steadily in a 
direction perpendicular to it. This is shown in 
diagram (1). 

This planar, two dimensional world is moving 
at a definite number of three dimensional units 
per second or minute. Since seconds or minutes 
are units of the fourth dimension we can say 
that the velocity of a two dimensional world 
moving through the third dimension is measured 
as a number of three dimensional units per 
fourth dimensional unit. By similar reasoning it 
is evident that the velocity of a three dimen- 
sional world moving at a direction perpendicu- 
lar to it into the fourth dimension would be meas- 
ured as a number-of four dimensional units per 
unit of the fifth dimension. Thus we can express 
the velocity of this three dimensional world 
moving through the fourth dimension as seconds- 
per-f.d.u. (fifth-dimensional unit). 

Now let us get back to our two dimensional 
world moving through the third dimension at a 
constant velocity. We will give this velocity a 
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value of 2 feet/second. If a two dimensional be- 
ing develops a way of traveling, independent of 
his world, through the third dimension, he will 
be able to travel at a rate different from that of 
his world. Let us allot to him a velocity of 20 
feet/second. He would now be able to travel 
through the third dimension at a speed ten times 
that of his world. Thus he could travel over some 
distance in the third dimension in one-tenth the 
number of seconds as his world could. In other 
words to travel over any specified three dimen- 
sional distance, the two dimensional world would 
take some number of four dimensional units (sec- 
onds) while our independent person would take 
one-tenth as many. It is evident, though, that he 


PLANE 


DIAGRAM 


has still passed over the same number of three 
dimensional units as his world. He has still expe- 
rienced that same number of units. Since the 
third dimension to him is as the fourth dimen- 
sion to us, the third dimension would be his time. 


‘So, despite his power to decrease the number of 


four dimensional units used up during his travel, 
he will still experience the same amount of time, 
as time is to him. He will have merely gained 
with respect to four dimensional units. 

Using the same reasoning, let us picture a 
three dimensional world traveling through the 
fourth dimension at 2 seconds/f.d.u. If a three 
dimensional person now develops a way of trav- 
eling independently in the fourth dimension at a 
speed of 20 seconds/f.d.u., he would be able to 
travel ten times as fast as his world with respect 
to f.d.u.’s. Since time to a three dimensional 
world is in four dimensional units, ‘time to a 
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fourth dimensional world must be in f.d.u.’s. 
Thus, to a four dimensional being the person 
would seem to be going ten times as fast as his 
world. Yet, he would still be covering a certain 
number of four dimensional units, no matter how 
many f.d.u.’s he did it in. His power consists in 
being able to reduce the number of f.d.u.’s he 
uses up and not in reducting the number of four 
dimensional units he must pass over to get to a 
certain position in the fourth dimension. So, de- 
spite the decrease in the number of f.d.u.’s the 
number of four dimensional units experienced is 
unchanged. In other words, time does not seem 
to zoom past him. No matter what his velocity 
in the fourth dimension is, if he passes over two 
seconds in that dimension, he will still experi- 
ence and live through two seconds, Therefore, 
if he was planning to travel to a_ position 
in the fourth dimension which would seem to 
us as sixty years into the future, he would 
have to be prepared to spend sixty years on the 
trip. Sixty years of time is sixty years of time no 
matter how many f.d.u.’s it takes to travel over 
it just as sixty miles is sixty miles no matter 
how fast we travel over it. If a three dimensional 
person had an awareness of f.d.u.’s perhaps it 
would mean something that we could vary the 
speed in the fourth dimension, but since we can 
only feel or measure four dimensions—i. e., 
length, width, height, and time—this difference 
of speed only serves to separate the person from 
his world and not to shorten time experienced. 


TARAVELER 


S MINUTES 


TIME TRAVELER 


DIAGRAM 2 


Actually we cannot call these dimensions the 
first, second, third, and fourth. They are just 
four of the dimensions that exist. Since they are 
the four we know and are aware of we call them 
the first four. This label is quite arbitrary and 
has no real significance. 

We have determined that independent travel 
in the fourth dimension involves only the num- 
ber of f.d.u.’s which are involved. Therefore the 
traveler, although not seeming to pass time any 
quicker does leave our world by virtue of the ac- 
celerated fourth dimensional velocity. Let us pic- 
ture in a diagram a course of travel of a three 
dimensional world and a three dimensional trav- 
eler into the fourth dimension. Since we cannot 
draw four dimensions, we shall reduce everything 
by one dimension and picture a two dimensional 
world and traveler moving through a third di- 
mension. We shall still refer to them, though as 
three and four dimensional. 

Letting both the traveler and the world start 
at A, if we give the world a velocity of 1 minute/ 
f.d.u. and the traveler a velocity of 5 minutes/ 
f.d.u. If diagram (2) represents the happenings 
during a passage of 1 f.d.u., then the world will 
have traveled one minute to B, and the traveler 
will have traveled five minutes to C. At this par- 
ticular f.d.u. the traveler will have experienced 
five minutes of time and his world will have ex- 
perienced only one minute of time. Now if the 
traveler turned around and headed back the di- 
rection he had come from, while the world kept 
traveling, we find, by the use of simple algebra, 


‘Ny 
B ‘is D 3‘ 
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DIAGRAM 3 
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that he would arrive back at his world when the 
world is 1 2/3 minutes from A. This is shown in 
diagram (3). 

Now in the same number of f.d.u.’s that his 
world has traveled 1 2/3 minutes, the traveler 
has traveled 5 minutes forward and 3 1/3 min- 
utes back. Because of his greater velocity in the 
fourth dimension, our traveler has been able to 
travel into the future and return to his world be- 
fore it could reach the spot to which the traveler 
had gone. The difficult thing to comprehend is 
that although it seems to the world that the trav- 
eler has been gone only 1 2/3 minutes, he has ac- 
tually experienced 8 1/3 minutes of time. Thus 
to travel into the future or past, in addition to 
enduring the time through which he will have 
passed, the time traveler will also have to live 
through another period of time almost as great 
as the first in order to return to his time. On his 
return he might find that the world had only 
passed through a few days of time while he 
might have passed through many years. Mathe- 
matically, the amount of time he would have ex- 
perienced would compare with the amount of 
time the world has experienced exactly as his 
four dimensional velocity compared with his 
world’s four dimensional velocity. Expressed as 
an equation, this is: 


amt. of time experienced by traveler 4-dimensional veloaly of traveler 
amt of fime experienced by word 4-dimensicnal velocity of worl 


As an example of how this works, let us go 
back to our example of above. When the time 
traveler has returned to his world he had expe- 
rienced 8 1/3 minutes. Meanwhile the world had 
experienced 1 2/3 minutes. The traveler’s veloc- 
ity through the fourth dimension was five min- 
utes per f.d.u. while that of his world was one 
minute per f.d.u. Substituting in the equation: 





aymin. — smin. /E dv. 


iimin~ imin.7 Fdv. 


All this material can be summed up in these 
statements: 

1) Travel in time does not affect the traveler’s 
perspective of time. 

2) Time experienced is directly proportional to 
the four dimensional velocity when traveling 
in the fourth dimension. 

In all of the reasoning in this article I have 2s- 
sumed that a two dimensional world is moving 
in a straight line at a constant velocity through 
the third dimension, and that a three dimension 
world would be moving through the fourth di- 
mension in a straight path at a constant velocity. 
(Here we define a straight line as the shortest 
distance between two points independent of the 
path of light.) The constant velocity was assumed 
in order to facilitate the work, but it is apparent 
that even if the velocity was variable, these the- 
ories would hold. The only effect of variable vel- 
ocity would be in the number of f.d.u.’s involved. 
This would not affect the validity of the theory, 
though. 

If the worlds were not traveling in a straight 
path, though, there is another factor to be taken 
into consideration. Picture a two dimensional 
world traveling in the third dimension on a 
curved path as shown in Diagram (4). 

Thus to get to some point on the path, the 
world might have to pass over say, ten feet. If 
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PATH OF WORLD 


PATH OF TRAVELER 


DIAGRAM 4 


a person from that world could travel to that 
point in a straight line instead of along the 
curved path of his world, he might have only to 
pass over, say, four feet. Similarly, if a three di- 
mensional world was traveling in the fourth di- 
mension, it might have to pass over, say, ten 
years to reach some point on its path. If a time 
traveler could travel in a straight line in the 
fourth dimension to that point, it might take 
him, say, only four years to reach that point. 
Thus he would take less time than his world to 
reach that point, and he actually would gain in 
time. 

This article has dealt with only one small facet 
of a most fascinating field. It is not inconceivable 
that this field will develop into a practical divi- 
sion of physics in much the same way as nuclear 
physics has. If time travel ever becomes an ac- 
tual accomplishment, the vague and abstract 
ponderings of the science fictioneers will un- 
doubtedly have played a dominant part. 


Below Right: Three of the six Frick refrigerating machines in service at Big Spring, Texas. 





New Phillips Nudes is 
ite 


Refrigeration 


New Application of 


Phillips Chemical Company’s new plant near Big Spring, Texas, is the 
first in the country to produce 98% pure para-xylene (used in the 
manufacture of a synthetic fiber) in commercial quantities. 

The new, revolutionary process, patented by Phillips, involves contin- 
vous fractional crystallization. The heart of the system is a Frick 
“cascade” low-temperature refrigerating plant that FREEZES OUT 
para-xylene crystals. 

Whether your process is in the idea, development or production stage— 
if it involves refrigeration or air conditioning, get in touch with your 
nearest Frick representative, or write directly to... ... 





The Frick Graduate Training Course in Refrigeration and Air Condition- 
ing, operated over 30 years, offers a career in a growing industry. 
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...4,000,000 answers later 


A few figures tell the story. 


».. 7 years of painstaking analysis, research and design 


by engineers from nearly every field of technology. 


14,200 hours of experimental engine 


operation in test cells and in flight test. 


4,000,000 individual, complex mathematical 


problems solved by electronic computers, 


As a result, America now has the world’s 
most powerful production aircraft engine 
— the J-57 turbojet. Careful engineering 
development like this has made 
Pratt & Whitney Aircraft the 
world’s foremost designer and 


builder of aircraft engines. 


PRATT & WHITNEY 
AIRCRAFT 


DIVISION OF UNITED AIRCRAFT CORP. 
East Hartford 8, Connecticut 
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This is a Torrington Needle Bearing 


Designed for Today’s Needs and Tomorrow’s Trends— 
Needle Bearings Offer A Unique Combination of Advantages 


The Torrington N eedle Bearing has 
two component parts—the full com- 
plement of relatively small diameter, 
thru-hardened, precision-ground 
rollers and a case hardened retain- 
ing shell by which they are held. 

The bearing is a complete unit in 
itself, and is easily pressed into posi- 
tion in a bore machined to proper 
dimensions. The advantages of this 
unit construction in simplifying in- 
stallation and speeding assembly 
are readily apparent. 


High Radial Capacity 


Of special importance is the high 
capacity of the Torrington Needle 
Bearing. This efficient anti-friction 
unit can carry a greater radial load 
than any other bearing of compar- 
able outside diameter due to the 
large number of rollers. The small 
cross section of the bearing allows a 
large shaft which permits a rigid de- 
sign with minimum shaft deflection. 


Efficient Lubrication 


The method of lubrication is an- 


other feature of the Torrington . 


Needle Bearing. The retaining shell 
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with its turned-in lips provides a 
natural reservoir for the lubricant. 
Thus the needle rollers turn in an 
oil or grease bath and continually 
bring up a fresh film of lubricant— 
insuring rotation of all moving 
members on a fluid film. 


Low Cost 


The size of the Torrington Needle 
Bearing, coupled with the simplicity 
of its construction, makes it a com- 
paratively inexpensive anti-friction 
unit. Its compact size encourages 
simplified design which requires less 
material in surrounding compon- 
ents. This also contributes to further 
cost reductions. 

The shaft serves as the inner race 
in the majority of Needle Bearing 
applications and therefore should 


be hardened and ground to proper 
dimensions. However, where it is de- 
sirable to use an unhardened shaft, 
an inner race can be supplied. 


For Modern Design 


Where the efficiency of anti-friction 
operation is desired, and where 
space, weight and cost are vitally 
important considerations, Needle 
Bearings provide a logical answer. 
That’s why you will find them 
used in an ever-growing list of 
applications. 

This is one of a series of adver- 
tisements designed to give you the 
latest engineering information on 
Needle Bearings. Should you have 
occasion to work with bearing de- 
sign or wish more information, write 
our engineering department. 


THE TORRINGTON COMPANY 


Torrington, Conn. 


South Bend 21, Ind. 


District Offices and Distributors in Principal Cities of United States and Canada 


TORRINGTO w MEEDLE F EARINGS 


NEEDLE + SPHER'CAL ROLLER + TAPERED ROLLER + SYRAIGHT ROLLER + BALL + NEEDLE ROLLERS 
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the magmatic origin 
of mineral deposits 


by D. F. Schraeder and George Logy 


An economic mineral deposit consists of a fan- 
tastic concentration of the desired mineral with 
relation to the normal distribution of minerals in 
the Earth’s crust. Oxygen and silicon alone make 
up more than 74% of the Earth’s crust; Alumi- 
num, iron, calcium, sodium, potassium, and mag- 
nesium make up another 25%. This leaves approx- 
imately 1% of the crust to all other elements. The 
percentage by weight of a few of the more com- 
monly sought elements, in an average ten miles 
depth of the Earth’s crust, is given below, 

Iron 5.01% 

Nickel 0.20% 

Copper 0.01% 

Uranium 0.008 % 

0.004% 
0.002% 
0.000,n% 
0.000,00n% 
0.000,000,n% 

Germanium 0.000,000,00n % 

As small as the concentrations are, an even 
smaller amount is available in mineral forms 
which are economically worth mining. The min- 
erals sought are found in both hypogene and 
supergene deposits; therefore, to find economic 
deposits a knowledge must be had of their genesis. 

It is assumed that all minerals were originated 
from a magmatic source, and that some minerals 
remained with the solidified magma while others 


ca 1000° 


Concentration 


Volatile Substances 
e.g. HO 


NonVolatile Substances 
e.g Silicales, Ores. 


were separated, by physical and chemical means, 
from this source. In order to follow a logical se- 
quence in the study of mineral deposits a study of 
the magmatic genesis should be undertaken. 

Due to the scattering of radioactive materials 
throughout the Earth an average of one microcal- 
orie per square-centimeter per second reaches the 
surface. In some places it is determined that the 
radiogenic heat produced, from a nonlinear distri- 
bution of radioactive substances, is sufficient to 
cause the surrounding rocks to melt and form a 
magma. If any structural weaknesses exist about 
a magmatic volume, the melt would migrate in 
order to maintain a pressure equilibrium. In some 
cases the magma is intruded into the surrounding 
country rock and in others it is extruded to the 
surface, A plot of the active volcanic activity on 
the Earth indicates that the activity lies predomi- 
nately in belts which lie adjacent to geosynclinical 
areas. An example is the Japanese island arc sys- 
tem. Another example indicating this phenomenon 
was illustrated in 1947 by Eardley when he postu- 
lated a volcanic island are system, off the west 
coast of the United States, in order to explain the 
extrusives in the sediments of the Cordilleran 
Geosyncline. 

Since recent evidence and calculations show 
that the outer portion of the Earth’s mantle is 
probably solid, the simple postulation that the bot- 
tom of a geosyncline breaks into the molten por- 


T-X and P-T Diagram of a System containing One Volatile and One Refractive Component. 


Saturation-curve of B under its own vapour tension. 
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tion of the Earth releasing mag- 
ma for an upward journey can 
be, at present, disregarded. How- 
ever, due to the “blanketing” 
effect of the geosynclinal sedi- 
ments, plus their own radioac- 
tivity, “hot spots’ may be more 
readily initiated where the sur- 
rounding rock can be transform- 
ed to a magma. This hypothesis 
fits the evidence, and radiogenic 
heat will be considered the prime 
cause of magmatic genesis. 
Other, probably minor, causes 
contributing heat are the latent 
heat of the Earth, and the heat 
caused by orogenic movement. 

Once the magma is formed 
forces begin to act to differenti- 
ate its constituents into separate 
parts. If it were not for this ac- 
tion, the magma upon cooling 
would leave no economic enrich- 
ment of syngenetic minerals 
sought. Several theories have 
been propounded to explain the 
differentiation of a magma. In 
particular magmatic environ- 
ments each of the theories prob- 
ably exerts a strong influence. 

In a magma, containing a so- 
lution of numerous minerals, 
some differentiation will occur 
due to the gravitational settling 
of separate parts. Although, as 
N. L. Bowen states, this effect may be negligible 
in a viscous magma, it will probably have an ap- 
preciable effect when the magma has a low vis- 
cosity and there is sufficient time for this differen- 
tiation to take place, 

If two portions of the magma are immiscible, 
analogous to oil and water, the separate solutions 
will separate, in time, due to gravity; the denser 
liquid will move to the bottom of the magmatic 
reservoir. Generally, magmas will contain sub- 
stances which will be miscible in all proportions, 
but in the case of a basic magma rich in iron and 
silica, liquid immiscibility may be important in its 
differentiation. 

Gas transfer is another factor which influences 
magmatic differentiation. When the pressure on 
the magma reservoir decreases the volatile com- 
ponents will bubble to the top of the reservoir. 
These gas components will flotate other constitu- 
ents, as in ore dressing. Since this stage, low pres- 
sure, usually occurs after crystallization has com- 
menced, it could be called one of the effects of 
fractional crystallization, Turner and Verhoogen 
also mention an effect called “gas streaming”’, 
where the residual fluids of the magma are forced 
by the volatiles through the crystal mesh to the 
top of the magma volume. This effect necessarily 
takes place late in the crystallization program and 
probably makes itself felt in pegmatitic deposits. 
(In order to have a gas phase, however, the partial 
pressure of the volatiles must exceed the pressure 
exerted on the magmatic volume. In many cases, 
then, there will never be a gas phase until after 
the pegmatitic stage of the Niggli T-X and P-T 
diagram.) 

Contemporary petrographers consider fractional 
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New York 
Chicago © St. Louis © Detroit « San Francisco * Los Angeles * Montreal 


Liconomy,. ‘ 


A Key to 
K&E Leadership 


Every engineer and surveyor 
would gladly cut his leveling 
time and costs in half. KaE 
now offers the answer with the 
amazing new Ni2 Self-Leveling 
Level. It performs any kind of 
leveling, from rough cross sec- 
tioning to first order work. 
Rugged yet highly accurate, it 
is set up in a moment, because 
it actually levels itself. Such 
economy is a key to KaE’s 87 
years of leadership in drafting, 
reproduction, surveying and 
optical tooling equipment and 
materials, in slide rules and 
measuring tapes. 


¢ Hoboken, N. J. 


crystallization the fundamental means of mag- 
matic differentiation. As the temperature of the 
melt decreases various minerals precipitate out of 
solution in crystal form. The heavier minerals 
drop to the bottom of the reservoir thereby form- 
ing, in the magmatic volume, a layered series of 
minerals, Convection currents and thermal diffu- 
sion in the magma aid in the distribution of the 
minerals. Excellent examples of differentiation 
due to fractional crystallization are illustrated by: 
the Skaergaard instrusion of Greenland, The 
Bushveld Complex of South Africa, the Stillwater 
Complex of Montana, and locally the Hudson Pal- 
lisade Sill in New Jersey. These intrusions clearly 
show the mineral banding due to fractional crys- 
tallization. A dynamic effect of fractional crystal- 
lization is called “filter pressing.” If a tectonic 
movement occurs while the magma is partially 
crystallized the remaining fluid, placed under the 
attendant pressure, will be forced to move to a 
new position in order to relieve the pressure; thus 
the later portion of the melt will be concentrated. 

The pressure exerted by the magmatic material 
increases as the magma cools (as seen in the 
Nigsli Diagram) ; so that any weaknesses in the 
structure next to the melt will permit passage of 
the magmatic material, if the pressure is high 
enough. Porous rock, sandstone, will allow greater 
passage than non-porous rocks such as slates. 
Chemical properties also affect the migration of a 
magma, allowing the magmatic fluids to permeate 
through them, and alter them, But, the greater 
portion of the magma probably remains in place; 
and if any mineral deposits are to be directly as- 
sociated with the bulk, then they must have been 
formed by magmatic differentiation. 
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COMMAND PERFORMANCE... 


This servo-motor is smaller than a household fuse— 
weighs only about one and one-half ounces. Yet, with- 
out such powerful compact devices, modern industry 
could not function efficiently. 

Servo-motors: are the slaves that carry out the 
commands of servo-mechanisms . . . the workhorse 
and watchdog combination of today’s automatic con- 
trol systems. In industry they provide the precision 
needed for machining propellers . . . the uniformity 
necessary in the processing of food, chemicals and 
petroleum . . . the phenomenal speed and efficiency 
required in electronic computing systems... and 
the control requirements of hundreds of industrial 
and military applications. 


MIND-MADE MIRACLE... 


How many men worked out this miracle of precise 
control of power and movement? Physicists and en- 
gineers supplied theories . . . technicians and designers 
developed them . . . chemists, metallurgists, machin- 
ists . . . these and scores of others worked their 
splendid best. But how did they know how? Not just 
from what they learned in school . . . or from their 
immediate associates. For, while these helped, this 


whole business of automatic control is growing so 
fast and changing so rapidly that basic terminology 
and concepts have not yet been settled. 

So these men of science and industry look to 
America’s all-seeing, all-hearing and reporting Inter- 
Communications System for news of the needs and of 
the new in their field. 


THE AMERICAN INTER-COM SYSTEM... 


Complete communication is the function, the unique 
contribution of the American business press... a 
great group of specially edited magazines devoted to 
the specialized work areas of men who want to man- 
age better, research better, sell better, buy better. 


COMMUNICATION IS OUR BUSINESS... 


Many of the textbooks in which you are now studying 
the fundamentals of your specialty bear the McGraw- 
Hill imprint. For McGraw-Hill is the world’s largest 
publisher of scientific and technical works. 

After you leave school, you will want to keep 
abreast of developments in your chosen profession. 
Then one of McGraw-Hill’s many business magazines 
will provide current information that will help you 
in your job. 


McGRAW-HILL PUBLISHING COMPANY, INC. 


ABD 330 WEST 42nd STREET, NEW YORK 36, N. Y. 


M-GRAW-HILL Lae 
uur area 
BEY 5OR BUSINESS 
BUSINESS INFORMATION 


BEABQUARTERS FOR TECHNWICAL AND 
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The hotter...the better 


Carbon has a peculiar quality—it’s at its best when “the heat is on” 


IN THE ROARING HEAT of steelmakers’ furnaces, molten 
metals boil and bubble like water in a teakettle. 


STANDING FIRM in the intense heat of many of these 
furnaces are inner walls made of blocks of carbon. 

Because pure carbon laughs at heat—actually grows 
stronger as it gets hotter—it has become vitally im- 
portant in making iron, steel, and many of the other 
things all of us use every day. 


IN CHEMISTRY, carbon and its refined cousin, graphite, 
handle hot and violent chemicals that would quickly 
destroy metal or other materials. Today there are 
pumps, pipes, tank linings, even entire chemical-process- 
ing structures—all made of carbon or graphite. 


UCC... AND CARBON— For over 60 years the people 
of Union Carbide have pioneered in the discovery, de- 
velopment, and production of many carbon and graph- 
ite products for both industry and the home. This is 
one more way in which UCC transforms the elements 
of nature for the benefit of all. 


STUDENTS AND STUDENT ADVISERS: Learn more about career 
opportunities with Union Carbide in ALLOYS, CARBONS, CHEMICALS, 
GASES, and PLASTIcs. Write for booklet H-2. 


Union CARBIDE 


AND CARBON CORPORATION 
30 EAST 42ND STREET uc) NEW YORK 17, N.Y. 
In Canada: UNION CARBIDE CANADA LIMITED 


UCC’s Trade-marked Products include 


NATIONAL Carbons ELECTROMET Alloys and Metals 
ACHESON Electrodes Prest-O-LITE Acetylene 
KARBATE Corrosion-Resistant Equipment 
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HAYNES STELLITE Alloys 
PYROFAX Gas 
BAKELITE, VINYLITE, and KRENE Plastics 


PRESTONE Anti-Freeze LINDE Oxygen 
EVEREADY Flashlights and Batteries Dynel Textile Fibers 
SYNTHETIC ORGANIC: CHEMICALS 
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ELECTRICAL ENGINEERS 
MATHEMATICIANS 
MECHANICAL ENGINEERS 

.  PHYSICISTS 


The Ramo-Wooldridge Corporation, Los Angeles, 
is creating new positions in the research and 


development of 


AIRBORNE 
DIGITAL COMPUTER 
SYSTEMS 


Involving— 


SYSTEMS ANALYSIS 
LOGICAL DESIGN 
PROGRAMMING 
TRANSISTOR CIRCUITS 
CONVERSION DEVICES 
MEMORY SYSTEMS 
SUB-MINIATURIZATION 
PACKAGING 


send inquiry to— 


The Ramo-Wooldridge 


Corporation 


8820 Bellanca Avenue, Los Angeles 45, Calif. 


Consideration must be given to whether relocation of applicant 


will disrupt other important military work. 


record review 


by Klaus Kubierschky 


Geminiani: 


Six Concerti Grossi, op. 3 

Barchet String Quartet, Pro 

Musica String Orchestra, 

Rolph Reinhardt, conductor 

VOX 

The extent to which a good 
performance can affect the sig- 
nificance of a piece of music 
is clearly seen in this recording. 
Abandoned in the midst of a 
crowd of more important com- 
positions, Geminiani’s Concert 
Grossi were left to lesser or- 
chestral groups. The by now fa- 
mous Pro Musica Orchestra of 
Stuttgart, Germany, has the 
credit of recalling to our at- 
tention many a half forgotten 
work, and in this case they re- 
ally make our listening worth- 
while. 


Mozart: 


Symphony no. 41 (Jupiter) 
Sir Thomas Beecham, Royal 
Symphony Orchestra 
Columbia 

Many a conductor seems to 
think that Mozart’s “Jupiter” 
is merely a piece of music for 
its imposing effect on the lis- 
tener. Very few have come to 
realize, as Beecham has, that 
Mozart was almost constantly 
in agony, that his emotions 
were by no means trivial, and 
that the beauty transpiring 
from his works was by no 
means a mere fiddling around 
with notes. 

Thus the Beecham recording 
is very difficult and not satisfy- 
ing in the usual sense. Those 
who are interested purely in 
the sound of the music will 
welcome this recording enthu- 
siastically. However, the listen- 
er for whom a symphony is an 
emotional experience, will wel- 
come this recording and place 
it on the top of his preference 
list. 
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Electronics Research Engineer Irving Alne records 
radiation antenna patterns. Twenty-two 

foot plastic tower in background eliminates 
ground reflections, approximates free space. 
Tower is of Lockheed design, as are pattern 
integrator, high gain amplifier, 

square root amplifier, logarithmic amplifier. 


Antenna development program at Lockheed expands 





Electronics Research Engineer F. R. Zboril measures 
input impedance of a scale model helical 
antenna array used for ground tracking of 
missiles. Most of Lockheed’s other 

antenna work involves advanced research 
studies on flush mounted antennas. 


E. 0. Richter, Electronics Research department 
manager (seated), W. R. Martin, antenna 
laboratory group engineer (standing), 

and J. L. Rodgers, electronics research engineer, 
discuss design of corrugated surface antenna. 



























Lockheed’s diversified development program presents Electronics Engineers 
qualified for airborne antenna design with a wide range of assignments 
in communication, navigation and microwaves. Antenna design 

is one of the fastest growing research and development areas at Lockheed. 


Studies embrace virtually all types of aircraft, including the Super 
Constellation radar search plane—a type of aircraft developed and 
produced exclusively by Lockheed. 


Career Positions at Lockheed 


Lockheed’s expanding development program has created a number of positions for 
Electronics Engineers and Physicists to perform advanced work in antenna design. 


In addition Lockheed has a number of positions open for engineers in 

aerodynamics, thermodynamics, flight test analysis, structures and design to 

perform advanced studies on such diverse projects as: Applications of nuclear 

energy to aircraft, turbo-prop and jet transports, bombers, trainers, supersonic aircraft 
with speeds surpassing Mach 2, and a wide range of classified activities. 


Program for Advanced Study—To encourage members of its engineering staff in 
study leading to advanced degrees, Lockheed reimburses 50% of the tuition fee upon 
successful completion of each course relating to the engineer’s field at the University of 
Southern California and University of California at Los Angeles. Both universities 
offer a wide night school curriculum in science and engineering. 







LOCKHEED 


AIRCRAFT CORPORATION 


sursank CALIFORNIA 





“NEW DEPARTURES” IN SCIENCE & INVENTION 
Ls RRA aS a RT LET aE aI ETI A 


MR. MORSE 
PUTS HIS INVENTION 
TO PRACTICAL USE 


Actually, Morse’s first message over his electric 
telegraph was, ‘““What hath God wrought?’’ Ever 
since, it’s helped solve the problem of getting 
money from home ... and a good many other 
problems as well. 


Inventor Morse wouldn’t recognize some of the 
latest developments in his field. Automatic coding 
and decoding machines. Radar. Electronic com- 
puters. Such devices depend on ball bearings to 
maintain moving parts in accurate alignment, cut 
friction to the minimum and reduce wear. 


In every field . . . designers and engineers call on 
New Departure for the finest in ball bearings. 
For New Departure manufacturing is known to 
employ advanced methods of automation, integra- 
tion and quality control. 
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IBM's latest brainchild, the 702 Electronic 

Data Processing Machine, is an outstanding 
example of New Departure ball bearing 
cpplication. New Departures also assure accurate 
support of moving parts in IBM’s now famous 


701 Electronic Computer. 
ALL { J 
»_8 a 
Lory kt — 


NEW DEPARTURE 


NEW DEPARTURE + DIVISION OF GENERAL MOTORS + BRISTOL, CONNECTICUT 
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MOLYBDIC OXIDE 


-a versatile intermediate 


Molybdic oxide, MoOs, is the intermediate for 
the synthesis of a large family of 
molybdenum chemicals. 


Will data on 
molybdic oxide 
and its derivatives 
help your thesis 
project? Write for 
our bulletin 
“Properties of 
Molybdic Oxide.” 
Climax Molybdenum 
Company, 

500 Fifth Avenue, 
New York 36, N. Y. 


Cu: MAX MOLYBDENUM 
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eulogy on the differential analyzer 


by Roger D. Wollstadt 


For the last seventeen years, room 7-303 at 
M.I.T. has been the home of the original “giant 
brain,” the M.I.T. Electro-mechanical Differential 
Analyzer. Since 1942, the differential analyzer 
has served as a high-speed analog computer, a 
training ground for computation personnel, and 
a proving ground for new ideas in automatic 
computation. Now, the differential analyzer is 
being dismantled; its parts are being scattered 
to the four winds. Just why would a giant com- 
puter be scrapped? Why should a machine which 
is still capable of doing all the tremendous op- 
erations for which it was designed be set aside? 
And what is the history of the differential ana- 
lyzer? These are the questions to which TEN 
have sought the answers. 


The electromechanical differential analyzer was 
in full operation from February, 1942 to July, 
1954. It was preceded by a mechanical differen- 
tial analyzer. This machine had been preceded by 
a still earlier machine, the product integraph. 


General View Of Machine. 


The product integraph was the first computer 
which was able to handle integration. It was 
built at the Institute in the early 1920’s by Van- 
nevar Bush, F. D. Gage, and H. R. Stewart of 
the Electrical Engineering Department and was 
placed in service in 1925. 


In 1930, the world’s first true differential ma- 
chine was introduced by Dr. Bush and Professor 
Harold L. Hazen, the present Dean of the M.I.T. 
Graduate School. This machine was entirely me- 
chanical in proportion and was accurate to ap- 
proximately three significant figures. It was sent 
out to Wayne University in Detroit in 1945, and 
is now operating there. 


In 1935, through a grant from the Rockefeller 
Research Foundation, D. Bush and Dr. Samuel 
H. Caldwell initiated a study of a complete rede- 
signing of the differential analyzer so as to make 
it the first true large-scale computing machine. 
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Actual construction was started in June, 1937, 
and the machine was put into full service in Feb- 
ruary, 1942, well ahead of Harvard’s Mark I, the 
first large-scale digital computer. 


The electromechanical differential analyzer had 
a capacity for solving problems unequalled by 
even most of the computers built today. It con- 
tained eighteen integrators, which were the 
“heart” of the machine. These integrators, unlike 
the integrators on most analog machines, could 
integrate anything with respect to any variable. 
Furthermore, if more than one integrator were 
used, integration with respect to more than one 
variable at a time could be done. The eighteen in- 
tegrators made the machine capable of solving 
eighteen order differential equations. In practice, 
however, this computing power was used to solve 
sets of equations simultaneously or to work up 
to three separate problems at once. In the field 
of differential equations, the differential analyz- 
er’s only practical limitation was that it could 
solve only ordinary differential equations, and 
not partial differential equations. 


The differential analyzer also contained differ- 
ential gear boxes for addition and subtraction, 
counters, variable units, typewriter output units, 
graph-drawing units, and a photo-electric curve 
following device. All of these units could deal 
with two or more continuous variables and give 
out continuous results. All of the components 
were essentially mechanical devices which were 
electrically connected. 


The differential analyzer had several distinct 
advantages over both digital machines and most 
other analog computers. Its advantages over dig- 
ital computers were those inherent in analog de- 
vices. One was that it could handle continuous 
variables and continuous processes as such. An- 
other was that problems could be prepared for 
solution with a minimum of programming and 
coding. The differential was superior to most 
other analog machines inasmuch as the integrat- 
ors could function with respect to more than 
one variable at once. 


During World War II, the differential analyzer 
was used by the Ballistics Research Laboratory 
of the Navy Department and by other defense 
agencies for the calculation of ballistics tables. 
Later, at the time of the “Korean conflict,” it 
solved problems concerning jet gunfire. During 
the last three years of its existence, it was used 
by the M.I.T. Instrumentation Laboratory in 
work connected with the design of aircraft arma- 
ments and sights for use in air-to-air combat. 


During the twelve years of its use, the differ- 
ential analyzer served at least two purposes apart 
from its calculation duties. First, it served as a 
proving ground for the theories connected with 
large calculators; 1. was proof that calculators 
could be built and made practicable even though 
they contained thousands of relays and vacuum 
tubes. Second, it was used as a training labora- 
tory for operators and designers of other large- 
scale computers, both analog and digital. 
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On June 18, 1954, the order came that the dif- 
ferential analyzer was to be dismantled. Time 
had caught up with it. To be exact, time, econom- 
ics, and scientific development had caught up 
with it. 


When it was built, the differential analyzer 
was the foremost computer in the field. But since 
then, computers have been developed which give 
results faster, more accurately, and, most im- 
portant, more economically for a given speed and 
accuracy. The differential analyzer finally be- 
came obsolete and had to give way to the new 
computers. As Dr. Caldwell put it, “Things do 
go obsolete on you—that’s one of the chances 
you take in scientific development.” 


Practically all of the differential analyzer was 
at least twelve years old when it was dismantled. 
The mechanical parts were all seventeen years 
old. Contrast these ages with the five years that 
is considered the normal life span for a modern 
computer. Although the differential analyzer had 
been years ahead of its time when it was con- 
structed, it had become, for most practical pur- 
poses, relatively inefficient. Furthermore, its 
cost in maintenance and space had become dis- 
proportionate to its usefulness. 


Much of the differential analyzer’s work can 
be done much more efficiently by digital comput- 
ers and other analog computers. Most of its work 
does not require the five-significant-figure accu- 
racy that the differential analyzer gives. This 
work can be done more efficiently on the less ac- 
curate, but faster, Reeves Electronic Analog 
Computers (REAC’s). 


The most complex work can be transferred to 
the M.I.T. Whirlwind, the world’s fastest com- 
puter. M.I.T. also has several other digital ma- 
chines which will handle less complex work that 
requires accuracies up to thirteen significant fig- 
ures. 






Very little of the differential analyzer is being 
salvaged for actual computation work. Six of the 
eighteen integrators are being sent to Purdue 
University, along with a few minor components. 
Some of the other components have been sent to 
scientific museums in Boston and Philadelphia. 
The rest of the components are being distributed 
among the various laboratories and scientific so- 
cieties in the Institute. 


The differential analyzer can be considered 
symbolic of present-day scientific progress. It 
shows the tremendous pace of research and de- 
velopment in the field of electronics. It is also an 
indication of the great strides being made in 
other fields of science. It is, in some respects, a 
heartening thing to see that such a machine as 
the differential analyzer is being supplanted; a 
true measure of scientific progress could well be 
the number of previously considered indispen- 
sable quantities which are no longer needed. 













HOW HERCULES HELPS... 


... BUILD “UNDERGROUND” PENTAGON 


ese: 
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Most businesses are helped today 
by Hercules’ business . . . the 
production of synthetic resins, 
cellulose products, chemical cot- 
ton, terpene chemicals, rosin and 
rosin derivatives, chlorinated 
products, and many other chemi- 
cal processing materials—as well 
as explosives. Through close 
cooperative research with its 
customers, Hercules has helped 
improve the processing or per- 
formance of many industrial and 
consumer products. 


HERCULES POWDER COMPANY 


Wilmington 99, Del. 
Sales Offices in Principal Cities 


MUSCLE FOR 


MOUNTAIN MOVERS — 
More than 1,000,000 lbs. of 


Hercules® dynamite were 
used by S. A. Healy Co., 
Chicago, to hollow out a 
mountain near Washing- 
ton, D. C., in the construc- 
tion of an alternate global 
communications center for 
use in case present Army, 
Navy, and Air Force facili- 
ties are knocked out by 
enemy attack. The task of 
carving this top-secret head- 
quarters out of solid rock 
would have been impossible 
without industrial explosives 
and excavating know-how. 


SHORT CIRCUITS 
STYMIED — 


Complicated electrical in- 
stallations give longer, more 
dependable service when 
vinyl wire insulation is made 
with Hercules Hercoflex® 
150. Hercoflex 150 is one 
of the Hercules family of 
vinyl plasticizers that are 
used in products ranging 
from toys to garden hose. 


EASY TO HANDLE — 


These kitchen utensils not 
only make a woman’s job 
easier, but their brightly 
colored handles add a dec- 
orative touch as well. The 
handles are molded with 
Hercules Hercocel® cellu- 
lose acetate. In sales, de- 
sign, and production, 
Hercules’ services to the 
plastics industry keep prod- 
ucts on the move. 
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AT RAMO-WOOLDRIDGE- ~“- 


a good start has been made 


Progress during a new company’s first year can be 
measured in terms of plant and equipment, contract 
back-log, or quality and quantity of personnel. 


By any of these standards the first year’s experience of 
THE RAMO-WOOLDRIDGE CORPORATION has confirmed 
the soundness of the basic theses on which the company 
was established : 


1. Competence in systems analysis, engineering and 
development, a relatively scarce commodity, is one of 
the most salable articles in America today. 

2. Scientists and engineers find unusual satisfaction in 
participating in the development of a company in which, 
from the outset, all features of the organization and of 
the operational procedures are designed to be as 
appropriate as possible to their special needs. 


Today, research and development activities are being 
conducted by an organization of approximately two 
hundred people, which will more than double within 


POSITIONS ARE 

AVAILABLE FOR SCIENTISTS 
AND ENGINEERS IN 

THESE FIELDS OF 

CURRENT ACTIVITY 
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twelve months. Urgent project responsibilities have led 
to the temporary use of such quarters as the former 
school and church shown in the photograph, but con- 
struction is complete on 20,000 and well along on an 
additional 80,000 square feet of the 200,000 square 
foot permanent laboratory building program. Orders 
have been placed for $1,500,000 worth of digital and 
analogue computers that will be installed the end of this 
year to facilitate the extensive analyses required by 
current projects. 

In the light of the first year’s progress THE RAMO- 
WOOLDRIDGE CORPORATION anticipates expanding 
opportunities to perform major research, development 
and —a little later— manufacture in the fields of com- 
mercial and military electronic systems, and in guided 
missiles. 


The Ramo-Wooldridge Corporation 


8820 BELLANCA AVE., LOS ANGELES 45, CALIF. » DEPT. RW3 


Guided Missile Research and Development 
Digital Computer Research and Development 
Business Data Systems Development 

Radar and Control Systems Development 


Communication Systems Development 





MORTON R. BERGER, 
CASE INSTITUTE 1951, 


at 


e “Worthington was my choice,” Mr. Berger says, “‘be- 
cause of the excellent training and the unusual experiences 
that are possible with a manufacturer having a worldwide 
reputation, and worldwide distribution. Then, when a 
company has seventeen divisions, including air condition- 
ing, refrigeration, turbines, Diesel engines, compressors 
and pumps of all kinds, construction machinery, and 
power transmission equipment, a graduate engineer’s 
chances for getting into his chosen field are even better. 
“Supporting these divisions are research, engineering, 
production, purchasing, and sales, domestic and export. 
The real opportunity, however, is in Worthington itself. 
This is a company that is growing, just as it has for more 
than a century. It is always looking for new, related 
products and good men to engineer, produce, and sell 


=, tells graduate engineers... 


| chose 


Worthington 
for 
opportunities 


in international 
trade” 


them—at home and abroad. 

“I began my career with Worthington’s training pro- 
gram in the Researchand Development Laboratory, where 
full-scale equipment is designed, tested and improved. 
This experience gave me an understanding of the tremen- 
dous part the company plays in the everyday life of mil- 
lions of people. Within fourteen months I was sent to 
Mexico to inspect the facilities of our distributors there. 

“The opportunities for first-hand laboratory experience, 
sales training and contact, travel and field trips, among 
many others, make Worthington a first-rate company for 
the young engineer with a desire to learn and progress in 
his work.” 

When you're thinking of a good job, think high—think 
Worthington. 


FOR ADDITIONAL INFORMATION, sce your College Placement 
Bureau, or write to the Personnel and Training Department, Wor- 
thington Corporation, Harrison, N. J. 


WORTHINGTON 
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THE SIGN OF VALUE AROUND THE WORLD 
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Wao ARE 


INDUSTRY'S 
TOP 

YOUNG 
SCIENTISTS ? 


Ten men between the ages of 26 and 40 were featured 
in a recent national magazine article which presented a 
portrait of the young scientist in America today. These 
particular men are a sample of the most brilliant young 


scientific minds in industry. 


It’s interesting to note that three of the ten are 
with Bell Telephone Laboratories, three with General 


Electric and one each with four other companies. 


The variety of opportunity in research and other 
phases of telephone work has always attracted an un- 


usually high percentage of the nation’s best young men. 


Consult your Placement Officer about opportunities 
with Bell Laboratories . . . also with the Bell Telephone 
Companies, Western Electric and Sandia Corporation. 


Your Placement Officer will be glad to give you details. 


THREE OF THE TEN ARE AT BELL TELEPHONE LABORATORIES— 


Mathematician Claude Shannon won fame Physical Chemist William Baker introduced new con- Physicist Conyers Herring is known for his under- 
for his Communication Theory cepts that have improved synthetic rubber and fibers standing of the quantum mechanics of the solid state 


BELL TELEPHONE SYSTEM 


November, 1954 
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- BASIC REQUIREMENTS 


JAN and Mil Specifications are basic 
‘guideposts for electronic advance- 
ment, whether used as engineering 
reference points or as procurement 
stondords. IRC's duol emphasis on 
mass production and exacting testing 
assures highest performance standards 
at lowest possible cost. 


SPECIFIC EXAMPLES 
—— 1 
Type BT Insulated Composition Resistors 
MIL-R-I1A Specification 


IRC Power Wire Wound Resistors 
MIL-R-26B8 Specification 


Type BW Low Wattage Wire Wounds 
JAN-R-184 Specification 


Seaied Precision Voltmeter Multipliers 
JAN-R-29 Specification - 
48 


) ‘inet aie | wane) Toms eo 
‘a =. ty ky —P yi i! 


jit. (i. 
Harte, its ae ay 
VT say 9 I'§ Fe. a 


i peal alty im LE a 
q 


ma! 


oy 


Automatic testing and recording 
permits accurate evaluation of a 


greater number of resistors. 


ONLY IRC MAKES SO MANY 
JAN AND MIL TYPE RESISTORS 


. another reason why engineers prefer IRC Resistors 


56 different IRC resistors is today’s figure—all equiva- 
lent to JAN or MIL specifications. Manufacturers of 
military equipment who must meet these specifications 
depend on IRC for all their resistor requirements. 
Offering the widest line of resistors in the industry— 
138 different types in all—IRC is the logical source of 
JAN and MIL type units. 


INTERNATIONAL 
RESISTANCE CO. 


401 N. Broad St., Phila. 8, Pa. 
Wherever the Cincuit, Says “WV ~—s In Canada: International Resistance Co., Toronto, Licensee 
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PHOTOGRAPHY AT WORK—No.11 in a Kodak Series 


Illustration shows test of aircraft compass at United States Gauge, 
division of American Machine and Metals, Inc. A magnetic force, 
developed by the loops, pulls the compass card 30° off its normal 
heading. Then the force is released. The instant of release and the 
moment the compass recovers by 5° are both recorded on the film — 
become positive evidence of proper performance. 


Wanted: 


an inspector with a split-second eye 
photography got the job 


A difference of 2/10ths of a second means the compass 
passes or fails. So the maker pits it against a stop watch— 
gets definite proof of performance with movies. 


Uncle Sam said this aircraft compass must respond 
by 5 degrees in not less than 1 second or more than 
1.2 seconds. That's only 2, 1L0ths of a second leeway— 
far too little for human hands and eyes to catch the 


action accurately. 


So, side-by-side, the stop watch and compass act 
their parts before the movie camera. Then individual 
frames along the film show the precise instant that 
the 5-degree mark is reached. 

Product testing and quality control are naturals for 
photography. They are typical examples of the many 
ways photography works for businesses, large and 


small. It is improving production, saving time, reduc- 
ing error, cutting costs. 

Graduates in the physical sciences and in engi- 
neering find photography an increasingly valuable 
tool in their new occupations. Its expanding use has 
also created many challenging opportunities at 
Kodak, especially in the development of large-scale 
chemical processes and the design of complex pre- 
cision mechanical-electronic equipment. Whether 
you are a recent graduate or a qualified returning 
service man, if you are interested in these oppor- 
tunities, write to Business & Technical Personnel 
Dept., Eastman Kodak Company, Rochester 4, N. Y. 


Eastman Kodak Company, Rochester 4, N. Y. 
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15,000 G-E people working on jobs created by new products since 1945 could almost fill Princeton's Palmer Stadium. 


In 9 years, new products created G-E jobs 
for enough people to fill a football stadium 


Coming years promise even more progress. 
One out of every five people at General Electric owes 
his job to products G.E. didn’t make before 1945. 
And the future looks even brighter. 


We can see new and exciting possibilities in many 
different fields. Atomic energy, Jet engines, electronics, 
silicones—all promise to create new products, new 


processes and new jobs. 


As we see it at General Electric, America’s industrial 
progress in a free economy is not only continuing, it’s 


rapidly accelerating. 
Progress /s Our Most Important Product 


GENERAL @® ELECTRIC 





